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B. J. Frey and D. Dueck 
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in DNA data. 

10.1126/science.1136800 
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via Increased Surface Site Availability 

V. R. Stamenkovic et al. 

The Pt-enriched outer surface layer of the close-packed (111) surface has an altered 
electronic structure that favors 0, adsorption over species such as OH. 


>> News story p. 172 
10.1126/science.1135941 


CONTENTS 


EVOLUTION 

BREVIA: Floral Gigantism in Rafflesiaceae 
C. C. Davis, M. Latvis, D. L. Nickrent, K. J. 
Rafflesiaceae plants with huge flowers but nej 
evolutionarily mysterious; they are now sh 


mS 
’ D. A. Baum 
ems nor leaves have been 


é spurges (Euphorbiaceae). 
10.1126/science.1135260 


CHEMISTRY 
Ex Situ NMR in Highly Hom 
J. Perlo, F. Casanova, B. Blii 
A movable array of permane 
anywhere, allowing portab 
resolution. 


ields: 1H Spectroscopy 


ts can produce a homogeneous magnetic field 
r magnetic resonance spectroscopy at high 


10.1126/science.1135499 


TECHNICAL COMMENT ABSTRACTS 


GENETICS 

Comment on “A Common Genetic Variant Is 
Associated with Adult and Childhood Obesity” 

C. Dina et al. 

full text at www.sciencemag.org/cgi/content/full/3 15/5809/187b 


187 


Comment on “A Common Genetic Variant Is Associated 
with Adult and Childhood Obesity” 

R. J. F Loos etal. 

full text at www.sciencemag.org/cgi/content/full/3 15/5809/187c 


Comment on “A Common Genetic Variant Is Associated 
with Adult and Childhood Obesity” 

D. Rosskopf et al. 

full text at www.sciencemag.org/cgi/content/full/3 15/5809/187d 


Response to Comments on “A Common Genetic “) 


Is Associated with Adult and Childhood Obesity” 


A. Herbert et al. 
full text at www.sciencemag.org/cgi/content/full/3 15, 


REVIEW 


CELL BIOLOGY 
Proteasome-Independent aa % 


in Endocytosis and Signaling 
D. Mukhopadhyay and H. nem 


www.sciencemag.org SCIENCE VOL 315 


WV 


BREV 


EVO 
Haplo males in the Parasitic Wasp 
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ugh males in most Hymenoptera (bees, wasps, ants, and certain 
ies) are haploid and produced from unfertilized eggs, haploid 
females are found in a parasitic wasp. 
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Draft Genome Sequence of the Sexually Transmitted 
Pathogen Trichomonas vaginalis 

J. M. Carlton et al. 

Acommon human parasite has an unusually large and repetitive 
genome that contains many genes originally from bacteria and viruses. 
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Spectropolarimetric Diagnostics of Thermonuclear 
Supernova Explosions 

L. Wang, D. Baade, F. Patat 

A survey of supernovae shows that brighter ones have more spherical 
explosions, constraining the physics of burning and improving their 
use as standard candles. 
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Sr,Ru,0, 

R.A. Borzi et al. 

A pronounced anisotropy in resistance associated with a quantum 
phase transition in strontium ruthenate confirms predictions of a 
new state of matter—a nematic Fermi liquid. 

>> Perspective p. 196 
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CHEMISTRY 

Stabilization of Platinum Oxygen-Reduction 220 
Electrocatalysts Using Gold Clusters 
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cells. >> News story p. 172 
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Lunar Differentiation >> 


Highly siderophile elements (HSE) are concentrated in 
Earth’s core and depleted in its silicate mantle, but little is 
known about their lunar distribution. Day et al. (p. 217) 
present Re-Os isotope and HSE abundance data for lunar 
basalts which indicate that the lunar mantle has chondritic 
HSE ratios similar to Earth’s silicate mantle, but 
with absolute abundances that are 20 times lower. 

Thus, the silicate-metal equilibration accompany- 

ing core formation must have depleted the HSEs in 

the silicate mantle of both the Moon and Earth, 

and continued accretion of meteoritic material 

replenished their mantles with HSEs. However, this 

late accretion must have terminated earlier on the 

moon than Earth, and is likely related to sealing of 

the lunar mantle by crust formation at or before 

4.4 billion years ago. 


Supernova Shapes 

Type la supernovae are widely used “standard 
candles” for distance measurements. Wang 

et al. (p. 212, published online 30 November; 
see the Perspective by Leonard) have collected 
spectra in polarized light of 17 such supernovae 
to investigate the geometry of these explosions. 
More powerful detonations produced more 
spherical ejecta, and the outer ejecta layers are 
more inhomogeneous than inner ones. These 
findings constrain the physics of burning in the 
supernovae and tightens the luminosity relations 
of type la supernovae that are used for cosmo- 
logical measurements. 
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is reaction. X-ray absorption near-edge spectro- 
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A Nematic Fermi Liquid 


Previous work on strontium ruthenate has 
revealed the existence of a quantum critica 
point where the phase transition is driven b 
magnetic fields. Borzi et al. (p. 214, pu 
online 23 November; ® 

see the Perspective by ~~ 
Fradkin et al.) show 
that easy and hard 
directions for 
current flow can 
be observed that 
depend on the 
direction of the @ 
applied magneti@é 

and that this ~~ 
breaks the eae ciety 
of the undegping crystal structure. The authors 
argue th i results are consistent with a 
rece io quantum phase of matter, a 


n i liquid, and may present a test 


Out of Africa When? 


Some evidence implies that modern humans 
spread out from Africa some 50,000 
years ago and reached central and 

western Europe about 40,000 
years ago. The colonization of 
northern Europe and Asia has been 
more difficult to date; northwestern 
Europe was covered in ice, but the land 
areas to the east were more open but still frigid 
(see the Perspective by Goebel). Anikovich et 
al. (p. 223) now show through a comparison of 
radiocarbon and luminescence dating and pale- 
omagnetic data that a paleolithic archaeological 
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site on the Don River, Russia (about 400 miles 
south of Moscow) dates to about 45,000 years 
ago. Although there are many fossils from this 
time scattered throughout Europe and Asia, 
ones from Africa for comparison and to test this 
hypothesis are scarce. Grine et al. (p. 226) 
have dated a skull first discovered in 1952 from 
Hofmeyr, South Africa, to about 36,000 years 
ago based on luminescence data of attached 
quartz. The skull displays several features that 
are more primitive than contemporaneous Euro- 
pean skulls but is consistent with the emergence 
of modern humans from sub-Saharan Africa. 


Interference in 
the Secondary 


The effector molecules in RNA interference 
(RNAi) are small interfering (si)RNAs. The initial 
population of “primary” siRNAs, ~22- 
nucleotides in length with 5‘-monophosphates 
groups, is generated by the Dicer nuclease. 
Amplification and “spreading” of the initial 
trigger population are thought to contribute to 
strength of the RNAi response in a number of 
systems and involves an RNA-dependent RNA 
polymerase (RDRP) (see the Perspective by 
Baulcombe). To investigate the nature of this 
secondary response, Pak and Fire (p. 241, pub- 
lished online 23 November) and Sijen et al. 
(p. 244, published online 7 December) analyzed 
the course of an experimentally induced RNAi 
reaction in the nematode worm Caenorhabditis 
elegans and also examined endogenous small 
RNAs. They found distinct populations of 
“secondary” siRNAs that are antisense to the 


12 JANUARY 2007. VOL315 SCIENCE wwwssciencemag.org 


CREDITS (TOP TO BOTTOM): NASA PHOTOS; BORZI ET AL. 


CREDIT: RICHARD O. BIERREGAARD JR. 


Mail to notemart@gmail.com for any further request. 


This Week in Science 


messenger RNA target, that have a di- or triphosphate moiety at their 5’ ends, and that may map 
both upstream and downstream of the original dsRNA trigger. Primary siRNAs do not appear to act 
as primers for RdRP, but rather guide RdRP to targeted messages for the de novo synthesis of sec- 
ondary siRNAs that further boost the RNAi response. 


Genome of an Often Disregarded Pathogen 


Trichomonas vaginalis is a common but often neglected sexually transmitted pathogen that colonizes 
the urogenital tract in men and women. Carlton et al. (p. 207; see the cover) describes its genome, 
which at 160 megabases is significantly larger than any other parasitic protest known so far, and 
which provides insight into the parabasilids, which lack mitochodria and peroxisomes and instead 
bear organelles called hydrogenosomes. The highly repetitive nature of this genome, which expands 
its genome size and hence cell volume, might provide the parasite with a selective advantage for the 
phagocytosis of bacteria and host epithelial cells. 


Separate Ways 


Two dominant lineages of T cells (a@B and y6 T cells) are highly distinct in function and anatomical 
location, yet share a common precursor within the thymus. Exactly how one cell fate is decided ove 
another remains unresolved. Melichar et al. (p. 230) present evidence that selection to the yO Le 
branch in the thymus is controlled by the transcriptional factor Sox13, which supports and pos@{gj 
even initiates y6 T cell development, while opposing differentiation of their of T cell bret 
authors noted that SOX13 inhibited an important effector of the central T cell developmeg 
ing pathway mediated by the WNT protein. & 


Area Versus Isolation 
in Habitat Reduction 


The worldwide expansion of urban 
and agricultural land has led to 
widespread reduction in size and 
increasing isolation of natural habi- 
tat patches. Ferraz et al. (p. 238) 
examined this phenomenon from a 
large-scale experimental perspec- 
tive by quantifying the effects of 
patch size and patch isolation on 
the occupancy dynamics of 55 
species of forest birds from the 
central Amazon, Brazil. Patch-size reduction ga 
species occurrence, whereas the effects of j ere often negative but varied considerably 
across species. Thus, although isolation is i nt, many species are absent from small patches 


simply because of area limitation, P54 isolation. 
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review what is known about the contribution of protein ubiqui- 
including intracellular signaling, endocytosis and protein sorting. 


oWsistently strong and negative effect on 


One Ubiquitin, Two 
The role of protein ubiquitinatio 
Mukhopadhyay and Riezman (p. 
tination in other cellular pa 


ube Worm Metabolism 


vent tube worm (Riftia pachyptila) plays host to bacterial sulfide-oxidizing 
endosymbionts gmes@pmicrobes have not been cultivated, inhabit a remote and nearly inaccessible 

environment, G the basis for high degrees of primary productivity at deep-sea hydrothermal 
t et al. (p. 247; see the Perspective by Fisher and Girguis) extend the metabolic 

pf the symbionts to reveal mechanisms of dealing with oxidative stress, two carbon 


The deep-sea hy 
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Outreach Training Needed IN 


SCANNING THE RELATIONSHIP BETWEEN SCIENCE AND SOCIETY RECALLS CHARL 
lead for A Tale of Two Cities: “Tt was the best of times, it was the worst of times . 
advances are coming at an unprecedented pace, and they hold great pro 
improving the human condition. The public is clearly happy about this. 

however, society is exhibiting increased disaffection, fostered by mn ientific fraud 


and by scientists charged with financial conflicts of interest. Perhaps woe ympblic skepticism 
and concern are increasingly directed at scientific issues that a ud flict with core 
human values and religious beliefs or that pose conflicts with rere pyonome expediency. 
These include embryonic stem cell research, the teaching of main schools, evidence 
for global climate change, and controversies over geneticall ied foods. The ensuing 
tension threatens to compromise the ability of the scientific ent€&ise to serve its broad societal 
mission and may weaken societal support for science. 
There is a growing consensus that to lessen this tensi 
more fully with the public about scientific issues and t 
has about them. Efforts that focus simply on increasi 
of science are not enough, because the proble 
scientific comprehension. In some cases, 
understand scientific content in a fundament 
Thus, the notion of public engagement g 
We must have a genuine dialogue with our 


tists must engage 
erns that society 

ic understanding 
merely a lack of 


citizens about how we can 


approach their concerns and what specifiCpntific findings mean. This 
kind of outreach is being encourage overnment agencies and private 
sources in Europe, Canada, and ed States. Effective public 
engagement requires long-term c ment, because many issues are 


complex and tension is penis creationism/evolution issue showed us 
this. It would be convenient@g#tea@g this task in the hands of a few representa- 

tives selected especially for, mmunication skills, but that won’t work. Given the breadth of 
issues and the intensity o ort required, we need as many ambassadors as we can muster. 
ively is an acquired skill, and preparation for outreach strategies 
ntific training programs. There are a few exceptions, including the 


has seldom been pa: 
Aldo Leopold Lea 
young colleagues are enthusiastic about discussing their work with the 
are under tremendous pressure to stick to the bench, secure hard-to-get 
ublish rapidly and repeatedly in high-quality journals. Many even feel that 
ce actively discourages them from becoming involved in public outreach, 


becayge 4yowld somehow be bad for their careers. 
be done? First, the scientific reward system needs to support our colleagues’ 
teract with the general public concerning their work and its implications. Funding 
a bes such as the Wellcome Trust and the U.S. National Science Foundation and National 
tes of Health have begun encouraging the scientists they support to include outreach 


® 
a in their proposals. Academic institutions need to join in this chorus by rewarding faculty 


among the metrics used to decide promotion and tenure. 
Second, university science departments should design specific programs to train graduate 


Q embers who fulfill commitments to such work. That will entail putting public outreach efforts 


S 
o 
ee 


students and postdoctoral fellows in public communication. Unfortunately, this means adding 
yet another element to already overtaxed research training programs. Many students acquire 
teaching experience through assistantships, but public engagement activities are different and 
require other strategies. We need to add media and communications training to the scientific 
training agenda. 

This will doubtless be an additional burden on existing systems. Unfortunately, there is no 
alternative. If science is going to fully serve its societal mission in the future, we need to both 
encourage and equip the next generation of scientists to effectively engage with the broader 
society in which we work and live. 

— Alan |. Leshner 


10.1126/science.1138712 
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Wairarapa Fault 


GEOLOGY 
Upheaval Down Under 


New Zealand sits astride a transition from a west-dipping subduction zone 
toward the north (responsible for the volcanism of the North Island) to an 
east-dipping subduction zone toward the south. The transition forms a sys- 
tem of right-lateral strike-slip faults that have produced the dramatic 
topography of the South Island, as well as several large earthquakes. One 
of these was the 1855 magnitude 8.2 temblor on the Wairarapa Fault just 
east of the city of Wellington. Rodgers and Little remeasured offsets pro- 
duced by this earthquake and conclude that the ground slipped by as much 
as 18 m, an enormous amount for a strike-slip fault. For comparison, the 
devastating 1906 San Francisco earthquake produced a maximum of about 
6 m of slip at the surface. Furthermore, the earthquake extended laterally 
only about 150 km (versus 480 km for the 1906 quake). An earlier quake 
may have produced surface slip of 14 m. The authors explain the paradox of 
a huge slip and short surface rupture by suggesting that the Wairarapa 
Fault extends deep into the crust, connecting with the northern-dipping 


subduction zone at depth. — BH 


MATERIALS SCIENCE 
Adapting to the Blow 


Designing equipment to protect an individual 
from a collision or impact often requires compro- 
mises between safety and comfort. For example, 
seat cushions, armrests, or headrests need to be 
fairly soft and compliant to be comfortable, but 
under these conditions they fail to absorb much 
energy in a collision. Deshmukh and McKinley 
have designed a series of adaptive energy- 
absorbing materials using polyurethane foams 
impregnated with a magnetorheological fluid 
(MRF). An MRF consists of a suspension of 
micometer-sized magnetizable particles, whicly 
flow like water under normal conditions. Wh 
subjected to a magnetic field, however, the 
cles align with the field to form columns 
aggregates that must be deformed or 


under flow; thus the field confers congi@te 
stiffness. This adaptability is in tur 


transferred to the foam when an 
coats the struts of its open cells, offe 


ing a means of stiffening u SS. 
Application of magnetic fj the 
0-to-0.2 tesla range eff modu- 
lated the energy abs these 
factor of 


composite foam 

50. Ascaling m oy, “cal the 
authors to faa the response 
le curve governed by 
eters, a convenient 
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J. Geophys. Res. 111, B12408 (2006) 


envision making similar c 
shear-thickening fluid, w 


not require a magne to adaptively alter its 
properties. — "eh 

& ater. Struct. 16, 106 (2007). 
MICROBI 


A Flu ration 
Parasites Mm the trematode family, which 
ingludgg liver flukes and schistosomes, have 


lly complicated life cycles that often 
snails and other aquatic hosts, as well 
irds and mammals that prey on the inter- 
ediate hosts. Mud snails are small estuarine 
species that can harbor the intermediate stages 
of many species of trematode. A century ago on 
the coast of California, the Japanese mud snail 
was accidentally introduced when oysters were 

imported; it can outcom- 

_ pete the native snails 
partly because it is 
victimized by fewer 
trematodes parasites— 
only three. 

Miura et al. have 
studied the population 
genetics of these travel- 
ing trematodes and 
have found a different 
itinerary for each. The 
most common North 
American species is also 


A free-swimming 
trematode. 


the most common one in northeastern Japan, 
whereas the rarest one was found only at Elkhorn 
Slough and at the original oyster source in Mat- 
sushima Bay. The third showed a striking level of 
genetic diversity, rarely seen in introduced 
species and probably due to its repeated re- 
importation by migrating shore birds. Before the 
accidental entry of its preferred host (native mud 
snails simply won't do), this trematode was 
merely a passenger in transit. — CA 

Proc. Natl. Acad. Sci. U.S.A. 103, 19818 (2006). 


CHEMISTRY 
Pinned Propeller 


Many coordination complexes have been prepared 
with threefold symmetry. However, exploiting chi- 
rality in such compounds tends to be challenging, 
in some cases because labile ligands scramble 
their orientation about the metal center, and in 
others because there is no feasible means of 
asymmetric induction in the synthesis, which 
therefore affords a racemic product mixture that 
must be laboriously resolved. Most chiral catalysts 
instead rely on a twofold symmetric motif. 

Axe et al. have used an embedded ligand 
stereocenter to direct and enforce the threefold 
helical chirality of a tris(phenolate) titanium 
complex. Their tetradentate ligand consists of a 
central nitrogen atom bound through benzylic 
carbons to three alkyl-substituted phenol rings. 
One of these benzylic carbons also bears a 
methyl group in an enantiopure configuration. 
When the ligand reacts with a Ti(IV) precursor, 
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the phenyl rings fan out in a propeller arrange- 
ment around the metal, and the methyl group 
induces a specific helical cant. Nuclear magnetic 
resonance spectroscopy confirmed exclusive for- 
mation of a single diastereomer in solution. The 
structure was likewise characterized in the solid 
state by x-ray crystallography. — JSY 

Org. Lett. 10.1021/0l062655w (2006). 


MOLECULAR BIOLOGY 
A Microbial Mystery 


One consequence of the widespread access to 
DNA sequencing machines and the accompanying 
proliferation of genomes and genes is a renewed 
focus on RNA. As the most labile and hard-to- 
handle biological polymer, it had been valued 
primarily as a carrier (messenger RNA and trans- 
fer RNA) of information or as a structural, and 
occasionally functional, macromolecule (riboso- 
mal RNA). Noncoding RNAs of the micro and 
small interfering kinds have taken center stage 
recently, along with riboswitches, which exhibit 
small molecule—induced conformational changes 
that regulate gene expression. 

Puerta-Fernandez et al. have identified a large 
noncoding RNA (approximately 600 nucleotides 
in length) on the basis of a sequence that is highly 
conserved across 15 microbes that inhabit harsh 
environments (defined as extremes of pH, salt, or 
temperature). A consensus 
model of secondary 
structure reveals con- 
served regions within 
loops and bulges, sug- 
gesting that there are 
likely to be functional 


Ry’ 


Y 
M 


RY|RR 
YRIYY' 
constraints on its tertiary 


structure, though what this func- Ue 
tion might be is a mystery. Nearby 
genes do not fall into a single type of 4, 
metabolic pathway, but immediately ee 
in 14 out of the 15 bacterial geno uta- 
tive membrane protein that may omplex 
with this enigmatic RNA. — GJC 
Proc. Natl. Acad. Sci. U. 


A region of conserved 
structure. 


5! 


, 19490 (2006). 


CELL BIOLOGY 


alling to Pieces 


Growing olg 
Mitochondria ar, werhouses of the cell, yet 
experience a HM ang tumultuous life, repeat- 
edly fusing ,gth each other and then parting ina 
fissional . This lifestyle seems to take its 
toll, ox cells, mitochondria are often 


fo es. 
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ot be expected to develop 
r@@istawce to therapy. 
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Scheckhuber et al. examined mitochondrial 
morphology in yeast and in cells of a filamen- 
tous fungus as they aged. Young cells flaunted a 
filamentous network of mitochondria, whereas 
discrete mitochondria populated older cells. 
When mitochondrial fission was blocked, by 
deleting the mitochondrial fission protein 
dynamin-related protein 1, cells stayed younger 
longer and did not suffer the loss of fitness when 
compared to normally aging cells in other long- 
lived strains. It seems that reductions in mito- 
chondrial fission can actually extend the life 
span of a cell, possibly by diminishing its suscep- 
tibility to mitochondria-induced apoptosis. 
Because similar mitochondrial dynamics are 
observed elsewhere, it will be interesting to see if 
reductions in mitochondrial fission can increase 
the healthy life span of other organisms. — SM 

Nat. Cell Biol. 10.1038/ncb1524 (20 
BIOMEDICINE 


Unstable Neighbors 5 &, 
Solid tumors may be cncepiatae@Ynaio 
nant mass of epithelial cells, i’ they 


contain normal cells such as fib sts and the 
endothelial and smooth le cells that com- 
pose tumor blood vessel lecular conver- 
sations between malign s and these stro- 
mal cells can profou luence tumor growth; 
thus, stromal ce come possible targets 
for ca apy. In contrast to tumor 
cells@@ronwal cells are widely believed 


Pelham et al. have investigated the 
possibility that tumor-associated stro- 
mal cells, like their malignant neigh- 
bors, acquire genetic alterations dur- 

ing tumor progression. They used 
high-resolution DNA copy-number analy- 
sis to study human breast and colorectal 
tumors that had grown in mice for 30 to 150 
days, an experimental design that allowed the 
stromal components to be readily identified by 
virtue of their mouse origin. Surprisingly, the 
stromal cells had undergone amplification or 
deletion of several genes, some of which can 
plausibly be linked to tumorigenesis. The magni- 
tude of the genetic changes suggests that clones 
of mutant host cells had been selected for during 
tumor establishment or progression. Whether 
these changes reflect a selective pressure placed 
on stromal cells by the tumor in order to invoke a 
favorable microenvironment or, conversely, a 
host-initiated selection of mutant stromal cells 
designed to suppress tumor progression is not 
yet clear. — PAK 

Proc. Natl. Acad. Sci. U.S.A. 103, 19848 (2006). 
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AstraZeneca Pharmaceuticals proudly announcg&the 
22” Annual Excellence in Chemistry Award Wi@ers 


Pictured from left are Jeffrey Bode, @pigPriill (Committee Chair), Melanie Sanford and Stephen Buchwald. 


Awardees: & 


Professor Jeffrey B 


University of Californiay Santa Barbara NG eric& in 
istry 
nford We A ", 


SS 


Professor Mel 
University of Ng 
2. 
e o 
we 


phen Buchwald 
tts Institute of Technology 


At A eca, we recognize that advances in medicine rely on innovations in 
chemis S a commitment to future advances, each year we award talented 
mic researchers who, early in their careers, have made outstanding 
utions to synthetic, mechanistic, or bioorganic chemistry. In selecting these 
dees, our senior scientists consult a world-leading chemist, who also serves 
the distinguished lecturer. This year marks the 22™ year of the AstraZeneca 
xcellence in Chemistry Award. 


WO best wishes for continued innovation and excellence in chemical research, 


AstraZeneca congratulates this year’s award winners. 


< www.astrazeneca-US.COM © 2006 AstraZeneca Pharmaceuticals LP 11/06 
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Who’s working 


for science? 


® 
Top quality research depe 


AAAS is present at ev: ge of the process — from 
advising on funding initiatives to tracking the US 
Federal R&D budgeting Process. As the experts, we 
brief Congressiote ater and representatives from 


o 
g 
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comprehensive support. 


ee 


to increase support 


governments around the world. And only AAAS Funding 
Updates — sent out monthly — provide continual coverage 
of R&D appropriations. By actively working to increase 
support for research, AAAS advances science. 
To see how, go to WWW.aaas.org/support 
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Japan is ratcheting up the information age 
another notch—using Tokyo's famous Ginza 
shopping district as the test bed for a scheme to 
beam location-specific directions to pedestrians. 
Those equipped with Internet-accessible mobile 
phones or special hand-held terminals provided 
by project organizers will be able to summmon 
up directions or information about surrounding 
shops and restaurants. 

The Ginza trial, to run for 3 months 
beginning 21 January, is part of the Tokyo 
Ubiquitous Network Project. The project is the 
brainchild of University of Tokyo computer 
scientist Ken Sakamura, who has made a name 
for himself urging that computing capabilities 
be built into virtually everything. 

Pedestrians with hand-held terminals wi 
have their location automatically pinpoin 
by some 10,000 wireless and infrared bea 
and radio frequency identification tags 
mounted on streetlamps and aes 
roughly 12 blocks of two major streg 
Ginza. They will be able to choosg 
options presented on the screew@Pe) 
with camera-equipped phones ca 
snapshot of two-dimensio 
throughout the area. Th 
nected to special Inter 
what's around the 
local establish 
Chinese, or Ko . 

“This is at t erimental phase, 
but we're x it will be adopted widely,” 


says Chi u of Tokyo’s Bureau of Urban 
Devel . She says shoppers will be 
S their opinions. 


codes placed 
then be con- 
es that describe 
clude ads for 
Japanese, English, 
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( .< book, Corky Mayo, NPS’s manager 


RANDOWVISAINVIE 


Creationism at the 
Grand Canyon 


A government watchdog group is still fretting 
about the fact that there’s a creationist book in 
the Grand Canyon’s bookstore. 

Three years ago, seven scientific groups 
wrote the National Park Service (NPS) asking 
that the bookstore remove The Grand Canyon: 
A Different View, by Tom Vail, which claims the 
canyon was formed about 4500 years ago, 
from its science bookshelf (Science, 16 January 
2004, p. 308). In response, NPS 
geologists reviewed the book and 
concluded that it should not be 
sold at all. NPS officials compro- 
mised, moving the book to the 
store's “inspirational” section. 

The Washington, D.C.—based 
Public Employees for Environmental 
Responsibility (PEER) maintain@} 
that this still violates NPS polj 
that all materials available to‘ 
public “should be of thqMighest 
accuracy and have und eer 
review,” says its execu rector, 

Jeff Ruch. On 28 Rf © 2006, PEER wrote 
NPS Director r to renew its demand 
that the book d from the store. At the 
same time, P out a press release claiming 
that park el are not permitted to tell 


visitors d Canyon’s true age of 5 mil- 
lion to @ mipion years. 


NPS fas emphatically denied this charge. 


he 


Dining ad 
i : 


EDITED BY CONSTANCE N 


for interpretation and cancion the 
park service decision, 1°, a ur job is not to 
convince the public ai 


efficient 


that keeps many of us 
ot makes a lousy engine. 
to explore the physics of 
kitch ” ysicist Concetto Gianino of 
the | f Advanced Secondary Instruction 
‘ot: la” in Scicli, Italy, and his students 
b., W the classic moka coffeepot—a two- 
chambered device that sits 
atop a burner. When water in 
"the lower chamber boils, the 
) pressurized vapor drives the 
remaining liquid through a fil- 
ter packed with coffee and into 
the upper chamber. Comparing 
the work done pushing the 
water into the upper chamber 
to the heat energy absorbed by 
the boiler, the group found that 
the pot turned heat into work 
= with an efficiency of 0.02%— 
. compared to about 20% for a 
typical steam engine. Gianino, who reports the 
work in the January American Journal of Physics, 
notes in the moka’s defense that its job is not to 
move water efficiently but to flavor it. 

“This is the best way to show physics to 
young people,” says physicist Antonino Foti of 
the University of Catania. “You couple the image 
of a coffeepot to the physics of a heat engine, 
and students never forget it.” 


Deliciou 


going, but 
As part of 


They may look winsome curled up on the couch, 
but cats are serial killers. The estimated 90 million 
domestic cats in the United States slaughter more 
than 1 billion birds and other small animals 
each year. A new questionnaire from the 
American Bird Conservancy (ABQ) in 
Washington, D.C., lets the general public detail 
attacks on wildlife by cats and other predators 
such as dogs and hawks. 

These eyewitness reports will allow researchers at 
ABC to answer questions such as whether feral or pet 
cats take a larger toll. By comparing the results to those 
of previous surveys, scientists will also be able to assess 
whether the rising popularity of feline pets is translating 
into a higher body count. (The conservancy not surpris- 
ingly wants people to keep their cats indoors.) 

You can read more about the impact of cats on 
wildlife and fill out the survey at 
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link to advances in 
the world of science? 
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AAAS Advances—the 
free monthly e-newsletter 
exclusively for AAAS 
members. 


Each month, AAAS members keep up 
with the speed of science via a quick 
click on the newsletter Advances. & 


Look for the next issue of Advan) 
delivered to your inbox mid mo ok 
up archived issues at aaas.or: nces. 
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fi 


All members only. 


s.org/advances 


© 
PrWY 
CF 


FS 
S? 


~ 


ding? rends 
s: RED EUN 
fe. tO Member 


ae . to Note 
in ction: UE the Foseior 


» Prog sents, Tools AGNES 
care 


1S Events 
- \tems 


innovation 
supporting 


incerely, : 
pee \, Leshinet cEO, AAA 


d 
coe oe and Technology ee 
Meeting, “sere ee pruary in San 


CREDITS (TOP TO BOTTOM): CARLA OCCASO; JAMES JARVIS; REED HUTCHINSON 


‘ k ‘/_ 7a 7 ~ _ Mm) NEWSMAKERS 


ON CAMPUS 
SCARY DATA PROCESSING. Anne Jefferson 
hadn't planned on her experimental stream- 
flow data returning to her lab at Oregon State 
University in Corvallis in a police evidence 
bag, but it sure beat the alternative. She 
thought they had been blown to smithereens 
by police who 
believed the data 
recorders, left in the 
trunk of a rental car, 
were bombs. 
Jefferson's salva- 
tion was the nature of 
the experiment. The 
small, perforated 
plastic tubes fille > 
with gravel and ™ 
with flashing 


lights natu 
caught the gtte@ion 


of an Avis car cleaner near the olis 
airport on 17 December. The r Ss were 
designed to record temperature aSS@pter flows 
through the gravel, part o y of gravel 


bed formation and evol 
Jefferson, the police u 
to detonate the sus 


ortunately for 
h-pressure water 
ombs, and the 
aaa just such a situa- 
tion—continu ding. 

Jefferson y @) learned as much from 
the experiegee as from the data she recov- 
ered. “If got an opportunity to down- 


<q , 
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SS 


advocate of edu, 
Hobson beliey, 


soning it 

"““O 
load data before you travel, And of 
course, “don’t leave thigg@in the trunk.” 


MOVERS 
REVOLVING Dooney Silva was barely 
installed as sci ector at the Bethesda 


Maryland, Nat stitute of Mental Health 


(NIMH) befo epped down in December, 
just 3 wee giving his inaugural talk to 
the facu fa and his boss, NIMH chief 


, say the decision was mutual. 
e to NIMH in October from 

ty of the University of California, 
les, with the goal of creating small, 


Silva 
the fagul 


‘Awards 


KNIGHTED. Her Majesty the Queen 
rarely bestows knighthood on aca- 
demics outside the United Kingdom. 
So the announcement that J. Fraser 
Stoddart, a chemist at the University 
of California, Los Angeles, would 
receive the honor was “a bolt out of 
the blue,” he says. 

Stoddart, however, is a special 


In the News ‘ 
DREAM COME TRUE. A Harvard —— New Year’s 


Day by opening a sleep museum he hope 
to the wonders of the brain. 

The Dreamstage Sleep and Brai 
Allan Hobson, is housed in a renov; 
Vermont, and features a sleep lal 


aspects of sleeping and aC) 

the brain; most people do know they have one,” says 

Hobson, 73. That is, thao nderstand that everything they 

experience “is a functio 
Hobson, former dit. 


at the Massachusetts 
Vermont in 2003 wy 


, 
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@ 


iwaken adolescents 


ce Museum, created by 
0-year-old barn in Burke, 
ideos displaying various 
I’m doing up here is about 


” 


n activity.” 
f the Laboratory of Neurophysiology 


oO Health Center, moved his equipment to 
ding cuts closed his sleep lab. A longtime 


reform in medical schools and elsewhere, 


exposing young people to the complex and 
ir skulls will make them think twice before poi- 
ugs. He plans to open the museum to educators 
ching students about brain function. 


intramural labs to scout for new research 
projects. Insel agreed with this goal, says 
Silva, “but we disagreed on some details” 
of how to go about it. For his part, Insel says 
it would be “too strong” to say that he and 
Silva disagreed. Silva’s agenda for rapid 
change worried senior staff; it was “not a 
good fit,” says Insel. 

NIMH Deputy Director Richard Nakamura 
has stepped in as acting science director. 
An independent review of the affair is under 
way to help the agency understand what went 
wrong. NIMH also plans a full-scale review of 
its research program in 2007. 


ba 


case. The Scottish-born researcher's work in mechanical bonds—the use of interconnected rings 
or ring-and-dumbbell structures—has revolutionized biochemistry, offering nanotechnology 
researchers a new set of building blocks not found in nature. The work could lead to advances 
such as molecular switches and cancer-cell detection devices. 

Stoddart says some 300 former and present graduate students and postdocs had a hand in his 
success, as well as his late wife, Norma Stoddart, who died in 2004. “She asked the searching 


questions,” he says. 
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STEM CELLS 


* ten oan | 


Getting the most 
out of platinum 


Versatile Stem Cells Without 
The Ethical Baggage? 


Scientists this week reported that they have 
isolated a new type of cell from amniotic 
fluid that has many of the characteristics of 
embryonic stem (ES) cells without the 
ethical baggage. But other researchers, 
although enthusiastic about the work, are 
questioning just how new these so-called 
amniotic fluid—derived stem (AFS) cells are 
and are warning that they don’t eliminate 
the need for ES cells. 

The report, published on- 
line 7 January in Nature Bio- 
technology, seems likely to 
throw a new twist into this 
week’s congressional debate 
over legislation to expand 
ES cell lines available to fed- 
erally funded researchers. 
Congressional leaders were 
planning to make a splash by 
getting both houses to pass 
once again a measure that was 
vetoed last year by President 
George W. Bush. But if this 
much-touted paper persuades the 
public there’s a ready alternative 
to ES cells, “the bill won’t have 
the impact it would have had,” 
says bioethicist William Hurlbut 
of Stanford University in Palo 
Alto, California. The researchers 
themselves, led by Anthony Atala o 
Forest University School of M@&% in 


Winston-Salem, North Caroling?’ sa that 

AFS cells, obtained from a ntesis 

samples, are no substitute fo: ells. But 
te) 


Infanig 


they see them as a unique type ying an 
“intermediate” stage bet bryonic and 
adult stem cells in te ir versatility. 
Several groups Lye 2a cultivated 
specialized tissue ‘om amniotic stem 
cells. But Ata@ that AFS cells are 


“absolutely tot; erent.” He says they are 
the only amni Ils that are “fully undif- 
ferentiated and pluripotent—by which he 


of giving rise to representa- 
ee embryonic germ layers. He 
owever, that it is still unclear 


whether AFS cells can give rise to all cell 
types in the body, as can ES cells. 

The team, which includes researchers 
from Children’s Hospital and Harvard Med- 
ical School in Boston, has spent the past 
7 years working up their evidence that AF 
cells are capable of developing into fat, bo 
muscle, nerves, liver, and the lining of 
vessels. They injected human AFS ce t 


. Stem cells from amniotic fluid can be coaxed to 


“ag ifferent tissues. /nset: A 12-week-old fetus. 


precursor cells into the brains of newborn 
mice and found that they dispersed through- 
out the brains. And cells cultivated in a bone- 
growing medium not only produced mineral- 
ized calcium and other bone markers but also 
led to the growth of chunks of bonelike mate- 
rial when cultured on scaffolds and implanted 
into mice. AFS-derived liver cells secreted 
urea, a liver-specific function, in test tubes. 
Atala said at a press conference that the group 
has unpublished evidence that the AFS cells 
can also form blood cells. It has yet to produce 
pancreatic beta cells, needed to treat diabetes, 
but Atala says, “so far, we’ve been successful 
with every cell type we’ve attempted.” 

Like ES cells, said Atala, the amniotic cells 
grow rapidly, doubling every 36 hours, and the 


Ethnicitye ‘ 
gene exp. “ssion 


— wl 


nlike ES cells, they 
from amniocentesis 


itely without forming 
il with ES cells. 

niversity has applied for a 

cell type and the team’s method 

me them, said that amniotic cells 

tually be used as a repair kit for birth 

ts. He also predicted that banks of cell 

s obtained from 100,000 pregnancies 

ld offer reasonably good tissue matches to 

9% of the population. Some scientists are 

deeply impressed. “I believe ... that 

Dr. Atala’s group has discovered a new stem 

cell,” says adult stem cell researcher Henry 

E. Young of Mercer University School of 

Medicine in Macon, Georgia. 

Atala says AFS cells are the only type 
distinguished by C-Kit, a germ cell marker 
not reported in other papers about amniotic 
stem cells. Nonetheless, Dario Fauza of 
Children’s Hospital, a pediatric surgeon 
unconnected with the Atala team who has 
pioneered in cultivating tissues from amni- 
otic stem cells, says he doubts “whether 
they have indeed discovered a new stem 
cell. ... I have the distinct impression we’re 
just giving different names to the same cell.” 
Ming-Song Tsai, a stem cell researcher at 
Cathay General Hospital in Taipei, Taiwan, 
agrees. Atala’s study is “excellent,” he says. 
But judging by surface markers and other 
characteristics, he believes “the cells 
described in this paper are the same cells” 
he and colleagues described last year in 
Biology of Reproduction. In that paper, the 
scientists reported cultivating “mesenchy- 
mal” stem cells from a single amniotic cell 
that could develop not only into multiple 
mesenchymal lineages but also into neuron- 
like cells. Tsai, who already has a 
U.S. patent on his method, adds that 
recently they revealed potential as liver cells. 

Tsai predicts that amniotic stem cells may 
become a valuable tool given their “easy 
access [and] cultivation” and absence of ethi- 
cal difficulties. But some researchers are tak- 
ing a wait-and-see attitude. Harvard stem cell 
researcher Kevin Eggan is skeptical, espe- 
cially because the field has been “burned” in 
recent years by hints of pluripotency in other 
cell types that haven’t panned out. 
—CONSTANCE HOLDEN 
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Debate persists 


on Agent Orange 


ENERGY 


Consortium Wins Big Drilling 
Technology Contract 


A consortium of big energy firms and univer- 
sities has received $375 million, to be spread 
over 10 years, from the U.S. government for 
research on new ways to find and extract oil 
and gas. The money, awarded by the Depart- 
ment of Energy, comes from a controversial 
fund created by Congress in 2005 to encourage 
companies to pursue high-risk projects with 
potentially large payoffs. Opponents say the 
program is an unnecessary corporate subsidy 
in an era of rising energy prices. 

Last week’s contract awarded to the 
Research Partnership to Secure Energy for 
America (RPSEA), a Sugarland, Texas, non- 
profit whose members include energy giant 
Schlumberger and the Massachusetts Institute 
of Technology, will support development of 
new techniques to find fossil fuels from the 
deepest portion of the oceans and hard-to- 
obtain stores on land such as tar sands. It will 
also fund small energy companies that have 
traditionally eschewed research. RPSEA’s 
Robert Siegfried says an “‘academic-industry 
powwow’ will drive research priorities. 

RPSEA officials have yet to finalize the 
solicitation, but geophysicist Bob Hardage of 


U.S. NATIONAL SECURITY 


Head of Weapons Pr 


The U.S. government’s top nuclear wea 
official has been fired because of a s 


security breaches at Los Alamo al 
Laboratory (LANL) in Ney ico 
Although some legislators h iously 
eresig- 

Linton 

, head of the 


SA), last week’s 
announcement by 
Energy Secretary 
Samuel Bodman 
came as a surprise to 
many observers. 
“T’ve never seen 
anything like it,” 
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Floor it. New research 
submersible studies o a currents or geology. 
s, Austin, is hoping that 
ill bolster his work on 


says, but OM firms have been leery of investing 
ired 


says Peter Stockton of the nonprofit Project on 
Government Oversight (POGO), which publi- 
cized an incident last October in which police 
found computer drives containing classified 
information from LANL during a neighbor- 
hood drug raid. “This is not a decision that I 
would have preferred, but it was made by a 
thoughtful and honorable man and is based on 
the principle of accountability,’ says Brooks, a 
former arms-control negotiator. 

The raid followed a breach earlier in 2006 
of an unclassified federal computer system, in 
which a hacker obtained access to information 
on some 1500 government employees, many 
with top security clearances. Brooks, who had 
headed NNSA since 2003, didn’t notify his 
boss for 9 months. “I do not believe that 
progress in correcting these [security] issues 


Flyweight 
champions 


Naue in 
Anica 


in what remains 
“Hydrates may ha 
may fall flat on t 
answer,” says 


roven resource. 
t potential, or they 

ce. We need to get the 
e. A grant that ended in 
2004 from through a federal pot of 
money noe dried up attracted corpo- 
rate 1 lab’s algorithms for obtain- 
ing presi: seismic data. The new 
ing won’t focus on hydrates per se 
fund basic seismic work to unlock 


ritics question why the program, created 
the 2005 energy bill, is run by a third party 
ather than by federal officials, who would be 
free of corporate ties. In 2005, President 
George W. Bush, a former oilman, said the 
government shouldn’t pony up even a cent 
because the price of oil is sufficiently high for 
companies to afford risky research. Last sum- 
mer, the U.S. House rejected a move to cancel 
the program by a vote of 161 to 255. 

“To call a federal R&D program a subsidy 
is like calling public education a social give- 
away,” said one supporter, Representative 
Ralph Hall (R-TX), at the time of the vote. 
RPSEA officials point to rigorous reporting 
and oversight requirements designed to pre- 
vent conflicts of interest. The 2005 bill also 
provided $125 million to be administered by 
the National Energy Technology Laboratory, 
headquartered in Pittsburgh, Pennsylvania, to 
fund related research. —-ELI KINTISCH 


has been adequate,” Bodman said last week 
before naming former Brooks deputy Thomas 
D’ Agostino as interim replacement. 

Parts of the lab were shut down for as long 
as 7 months in 2004 after incidents involving 
missing disks and a laser accident. Prodded by 
Congress, the Department of Energy selected a 
new management team for the lab, which had 
been run by the University of California for 
more than 60 years (Science, 6 January 2006, 
p. 33). Some scientists fear that the new part- 
nership, which includes the university and sev- 
eral major corporations, will result in more 
paperwork—1much of it related to security and 
safety—and a smaller budget for the $2.2 bil- 
lion facility. But the team passed its first test 
last fall when fewer researchers than projected 
chose to retire. -ELI KINTISCH 
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CHEMISTRY 


Platinum in Fuel Cells Gets a Helping Hand 


The behavior of nanoscopic bits of platinum 
may determine whether a hydrogen- 
powered car is in your future. The precious 
metal is the key ingredient in fuel cells that 
power electric cars with hydrogen, produc- 
ing water as the only byproduct. Unfortu- 
nately, current models are 
expensive because they use so 
much platinum, and their 
performance degrades too 
quickly for practical use. But 
advances by two U.S.—led 
groups offer new hope for 
tackling these problems. 

The researchers targeted 
what is widely considered to 
be the biggest concern in fuel 
cells: improving the perform- 
ance of the platinum on the 
positively charged electrode, 
or cathode—the part of the 
cell where chemicals react to 
split oxygen molecules in half. 
One group, led by materials 
scientists Vojislav Stamenkovic 
and Nenad Markovic at 
Argonne National Laboratory 
in Illinois, reports in a paper 
published online by Science 
this week (www.sciencemag. 
org/cgi/content/abstract/ 
1135941) that it increased the 
catalytic activity of a platinum surface 
90-fold over conventional cathode catalysts 
used today. Meanwhile, the other group, led 
by chemist Radoslav Adzic of Brookhaven 
National Laboratory in Upton, New York, 
reports on page 220 that adding tiny sg 
clusters to the outside of their cathode 
rials dramatically reduced the tenden 
platinum to dissolve from the catho: 
extended use. “Both of these resul, 
quite important if the conceg 
brought to fruition in a practigg 
says Fred Wagner, a platinum ga) 
at General Motors’ fuel cell res 
in Honeoye Falls, New Yoga 

Platinum is the key, 
of its unusually hig 
This ability come 
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ytic properties. 
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(O,*-). These oxygens then pair up with 
protons from the anode to create water 
molecules. Typically, catalyzing the reac- 
tions at each electrode are platinum 
nanoparticles that lightly coat a high- 
surface-area carbon skeleton. 


In 
tions al 


ctpe, however, unwanted side reac- 
occur around the cathode. Some 
oxygen atoms react with protons to 
droxide molecules (OH) and likely 
xides as well. These oxides have an 
aWinity for platinum atoms. They bind to the 
athode surface, where they typically block 
access to as many as 45% of the platinum 
atoms, Markovic says. Even worse, the 
oxides tug on the platinum atoms and eventu- 
ally pull many of them off the surface, drasti- 
cally reducing the cathode’s catalytic ability. 

Researchers have made some progress on 
both problems by alloying platinum with 
other metals. In previous work, Stamenkovic 
and colleagues studied polycrystalline plat- 
inum electrodes alloyed with other metals 
and found that some of the crystalline por- 
tions seemed to perform better than others. 
They suspected that the disparity reflected 
different ways platinum atoms can pack on a 
surface—such as a squarelike arrangement 
versus a hexagonal arrangement. 

To find out, for their current study 
Stamenkovic, Markovic, and colleagues 


grab hydroxides (OH) tightly, preventing 
catalyst. Adding nickel (right) softens this grip, 


nickel alloys with d: tomic arrange- 
ments of their cry, e lattices. They 
compared the sa ith single crystals 


of pure platinu ell as with conven- 
tional platin on fuel cell catalysts. 
y found that the most 


. tly packed arrangement 
$ atoms, known in the mate- 
YY . A 
rials lingo as a 111 surface, 
far outperformed all the oth- 


’ 

x ers. The material wound up 
4 with a uniform layer of plat- 
inum atoms on top of a layer 
with 50% nickel atoms. All 
the layers under that had 
essentially a steady composi- 
tion of three parts platinum to 
one part nickel (see diagram). 

Stamenkovic says the 
group’s theoretical work 
shows that the 111 arrange- 
ment lowers the electronic 
interaction between platinum 
atoms on the surface and 
oxides seeking to bind to 
them. The upshot is that 
far fewer oxides bind to the 
platinum surface, leaving 
those sites open to carry out 
O,-splitting reactions. That 
setup boosts the PtNi alloy’s 
activity 10-fold over a single-crystal platinum 
surface and 90-fold over the standard 
platinum-carbon combo. The reduced interac- 
tion also tugs less on the surface Pt atoms and 
therefore yanks fewer atoms off the surface. 

That increase in stability was echoed by 
the result from Adzic’s team. Adzic and col- 
leagues deposited tiny gold nanoclusters on 
the top of a conventional carbon-platinum 
fuel cell cathode. They found that the clus- 
ters produced a similar change in the elec- 
tronic behavior of the surface of the cathode 
that prevented platinum atoms from dissolv- 
ing into the electrolyte, while leaving the 
overall oxygen-splitting activity of the plat- 
inum unchanged. 

The key now, Wagner and others say, will 
be to create highly active, stable real-world 
catalysts. Markovic says his group is already 
working on creating octahedron-shaped 
platinum-nickel nanoparticles that theory 
shows should have all the desired 111 surfaces. 
If they work, hydrogen fuel cell-powered cars 
will take a major step toward widespread use. 
—ROBERT F. SERVICE 


created pure single a platinum- 
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HUMAN GENETICS 


In Asians and Whites, Gene 


Expression Varies by Race 


Genetic variation among races, long a politi- 
cal hot potato, has also been a scientific puz- 
zle. Although researchers have cataloged dif- 
ferent frequencies of inherited DNA among 
racial groups, and physicians have found that 
some groups are disproportionately suscepti- 
ble to certain diseases, it’s not clear how or 
even whether the two are linked. Do subtle 
differences in DNA between races really 
matter, medically speaking? 

Earlier this week, scientists described 
results from a new approach that may help 
answer that question: measuring gene expres- 
sion levels among Caucasians and Asians. 
Because gene expression helps determine 
how a cell behaves, it can be more instructive 
than variations in inherited 
DNA. The researchers exam- 
ined expression levels of more 
than 4000 genes in 142 banked 
cell lines drawn from individu- 
als of European descent in 
Utah, and cohorts from Bei- 
jing and Tokyo. They found 
that 25% of the genes had 
expression patterns with statis- 
tically significant, although 
often small, differences 
depending on whether they 
came from a Caucasian or an 
Asian sample. Thirty-five 
genes had expression levels that 
differed, on average, as much as 
twofold. Still, “how that trans- 
lates into traits of clinical inter- 
est is still a big question mark,” 
says Neil Risch, a human 
geneticist at the University of 
California, San Francisco. 

Although that critical 
bridge remains to be built, sci- 
entists say the expression pat- 
terns are intriguing. Indeed 
geneticist Vivian Cheung of the 
University of Pennsyly, 
who led the research te 
her colleague Richard Sj ; 
was initially so tak by 
the number ~~ hose 
expression varj she suspected a techni- 
cal glitch. a definitely shocked me,” 
, who also works at the Children’s 

jladelphia. 
she and her colleagues repeated 
m samples from 24 Chinese resi- 


ress yourself. In a small 
sample of Japanese and Cau- 
casian individuals, researchers 
found more than 1000 genes 
that behaved differently. 
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dents in Los Angeles, the results were virtu- 
ally identical. All but one of the 35 genes with 
big variations in expression registered simi- 
lar levels in the HapMap Asian samples and 
the Los Angeles cohort, they report online 
this week in Nature Genetics. 

“This lends support to the idea that there 
are genetically determined characteristics that 
tend to be clustered in different ethnic groups,” 
says Phyllis August, a nephrologist at Weill 
Medical College of Cornell University in New 
York City, who has studied variation between 
blacks and whites in a gene involved in hype 
tension. “To deny that is really denying a lo 
very obvious biological truths.” 

Researchers are careful to s 


sion differenc 


viduals each group was 
often Gg essive. “These 


ene expression to height in 
men and women; although 
men on average are taller, 
plenty of individual women 
are taller than individual men. 


els, Cheung and her col- 
leagues began with samples 
collected for the International 
HapMap Project, which aimed 
to catalog genetic variation to 
help identify disease genes. 
They used microarray technol- 
ogy to measure gene expres- 
sion in several thousand genes 
at once and found measurable 
expression in 4197 genes. 
Then, they compared mean 
expression levels in the three 
different sets of samples. 

At first, the researchers separated the Chi- 
nese and Japanese samples but then lumped 
them together after finding that only 27 genes 
registered different mean expression levels 
between the two. The different expression 
levels seemed to correspond to patterns of 


:Q' 
€ on 


not absolutes,” 
gen Wooding, a popu- 
eticist at the Univer- 


Smpares the variation in 


To analyze expression lev- 


Googling Galaxies 


The computer whizzes at Goo 
to help scientists sift throug 
data from a proposed 


res 


0 study the structure of the cos- 


, the dark energy that is accelerat- 
j expansion of the universe, and search 
ountless oddities. Google will help man- 


the 30 terabytes of data captured each 


Or: and develop algorithms to search 


through it, says J. Anthony Tyson, a physicist 
at the University of California, Davis, and 
director of the LSST project. Google was drawn 
to the project in part through personal con- 
nections, says Rob Pike, a computer scientist 
at Google in Mountain View, California, who 
worked at Bell Labs in Murray Hill, New Jersey, 
when Tyson worked there. Researchers hope to 
begin operating the telescope in 2014, 
assuming that NSF approves the project and 
begins funding it in 2009. 

—-ADRIAN CHO 


Papering Over Their View? 


Seeking to ward off what they see as unwar- 
ranted curbs on studies involving embryos 
that are part human and part animal, Stephen 
Minger of King’s College London and four 
other British stem cell scientists launched a 
media offensive last week. They believe the 
public has misunderstood the purpose of such 
chimeras, which would be used only to derive 
stem cell lines for research. Currently, British 
law doesn’t ban human-animal embryos. But 
in a position paper issued in December, the 
government hinted that because of “consider- 
able public unease” with the prospect of 
chimeric embryos, it would propose a ban ina 
bill expected this spring. It also suggested it 
may grant exceptions. 

Minger claims the Human Fertilisation and 
Embryology Authority (HFEA) told him infor- 
mally that it would reject his pending research 
proposal involving chimeric embryos and 
another similar proposal pending the new bill. 
An HFEA spokesperson denies having done so; 
the agency was to make up its mind at a 
meeting after Science went to press this week. 

—MARTIN ENSERINK 
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inherited variation in single-nucleotide poly- 
morphisms (SNPs)—for example, if one DNA 
stretch with a particular SNP was rare ina 
higher percentage of Asians than Caucasians, 
average gene expression in the first group 
might be lower. It’s still not clear whether the 
SNPs themselves might be regulating gene 
expression, or whether they travel together with 
other DNA that’s the regulator. 


NUCLEAR WASTE 


With Plutonium, Even Ceramics May Slum 


A promising idea for immobilizing nuclear 
waste may not be so solid after all. 
Researchers have pointed to crystalline 
ceramics such as zircon as a strong medium 
for holding plutonium, a fission product in 
spent commercial fuel and a security risk with 
a half-life of 24,000 years. But a new study by 
mineral physicist Ian Farnan of the University 
of Cambridge, U.K., and colleagues reveals 
that alpha radiation could break down this 
ceramic’s structure more rapidly than 
assumed. A zircon mix containing 10% pluto- 
nium-239 (73°Pu), for example, could become 
amorphous in just 1400 years—far short of 
the U.S. containment target of 210,000 years. 
This experimental finding, experts say, points 
to a need for more research on alternative 
forms of waste storage. 

Zircon (ZrSiO,) is frequently studied in 
modeling waste storage because it can con- 
tain natural inclusions of long-lived radioac- 
tive elements such as uranium and thorium. 
Some such samples are as old as Earth. The 
Farnan study, published in the 11 January 
issue of Nature, used nuclear magnetic reso- 
nance (NMR) to directly measure the number 
of silicon atoms displaced by each emit 
alpha particle, first in natural zircon co 
ing *8U and ?*?Th, and then in zircon d 
with 73°Pu. Previous estimates of sug#™@p- 
placement were in the range of 1 0 
atoms; Farnan observed a much dis- 
placement of about 5000 ato ecating 
that the structure would fail s 

Bruce Begg of the Australi uclear 


Science and Technology, isation calls 
the Farnan team’s wo y significant” 
the “key ques- 


but says it does not 
tion”: whether the duced transforma- 
orphous state “has 


tion of cerami 
any detriment ct on the ability of the 
|p plutonium.” 


waste form to 


Many t@earchers believe it does. Linn 
Hobbs Massachusetts Institute of 
Tec epartment of Nuclear Science 
a eering says that a form that 
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The question now is whether and how 
these expression differences affect health. 
One gene, called UGT2B17, is deleted more 
often in Asians than Caucasians and had a 
mean expression level that was 22 times 
greater in Caucasians than Asians, the most 
dramatic variation seen. “That one really 
stuck out,” says Wooding, who notes that this 
gene is involved in steroid metabolism and, 


becomes amorphous can change “the way 
that various elements are surrounding other 
elements.” This could allow significant 
“dimensional changes” in the structur 
according to Hobbs, which “may or 
not have larger leach rates” into the 
rounding environment. 

The U.S. storage plan for a 
portion of its weapons waste 
completely amorphous medi 
U.S. Department of Energy ( 
radioactive material togethe 
cate glass in a progra 
lions of liters of mix 
Hanford Nuclear Res 
Washington, and 
near Aiken, S 
“vitrification” 
so complex 


s melting 
ith borosili- 
immobilize mil- 

d waste at the 

n near Richland, 
vannah River Site 
lina. DOE chose this 
because tank waste is 
single crystal structure 
date all its components. 


Howev of the plutonium and uranium 
has be agro so “there’s essentially no 


In limbo. Spent reactor fuel at the Idaho National 
Laboratory awaits its fate. 
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—JENNIFER COUZIN 


Dp ty of a criticality event” in vitrified 
aste, says J. Russell Dyer, chief scien- 


rr DOE’ Office of Civilian Radioac- 
e Waste Management. The U.K. and 


rance also vitrify reprocessed power-plant 
fuel, but only after removing the plutonium. 

The biggest reservoir of plutonium- 
bearing waste is in spent but unreprocessed 
commercial nuclear power fuel, most of it 
stored onsite at utility companies, expected 
to reach 62,000 metric tons by 2010. The 
federal weapons complex owns about 
7000 metric tons of reprocessed weapons 
waste and spent fuel, also containing pluto- 
nium. Experts say that research is needed to 
narrow down the candidates for optimal 
plutonium storage. 

Vitrification is a “completely unstable” 
method of storing wastes, says Kurt Sickafus of 
the Materials Science and Technology Division 
at Los Alamos National Laboratory in New 
Mexico. He argues that ceramic forms can be 
made “highly stable,” but not the silicate-based 
forms such as zircon. He suggests fluorite crys- 
tal structures instead because their amorphous- 
ness lies somewhere between that of glass and 
the rigid silicates. This makes them able to toler- 
ate radiation-induced defects without severe dis- 
ruption of the crystal lattice, he says. Other 
researchers look to pyrochlores and zirconolites, 
outgrowths of the work on the titanium- 
based SYNROC (“synthetic rock”) by A. E. 
Ringwood in the 1970s. U.S. funding for 
research on ceramic waste forms has been 
stagnant or declining for years, says Sickafus. 

Despite the obstacles, Farnan says the 
problem is “tractable.” However, “if you take a 
material and ask what its behavior is going to 
be in 10,000 years, the uncertainties become 
very large.” Even so, there is good news in 
these findings, Sickafus notes: This “very sen- 
sitive and elegant” NMR technique can help 
whittle down uncertainty about the robustness 
of alternative materials relatively quickly. 

-VALERIE BROWN 
Valerie Brown is a writer in Portland, Oregon. 


12 JANUARY 2007. VOL315 SCIENCE www.sciencemag.org 


CREDIT: PETER ESSICK/AURORA/GETTY IMAGES 


CREDIT: NOAA 


In the pipeline. 
Offshore fish farms 
are expected to boom. 


OCEAN POLICY 


Panel Urges Environmental Controls 
On Offshore Aquaculture 


A blue-ribbon panel is calling for tight envi- 
ronmental standards on farmed fish in 
U.S. ocean waters. Although few commer- 
cial aquaculture operations currently exist 
outside shallow coastal zones, the panel pre- 
dicts a boom in offshore enterprises and says 
now is the time to craft regulations to prevent 
future ecological damage. Many of the rec- 
ommendations in the 142-page report, 
released this week, would also help make 
existing aquaculture operations more benign 
and sustainable, the panel says. “I think the 
report makes very helpful, practical recom- 
mendations, anchored in good science,” says 
Jane Lubchenco of Oregon State University 
in Corvallis, who wasn’t involved. 

Farmed fish and other fruits of marine 
aquaculture—worth $200 million in the 
United States last year—are currently gray. 
within 5 kilometers of shore, a swa 
water regulated by states. But height 
demand and new technologies, s 
storm-resistant pens, are promisi ry 
fish farming into open waters the 
jurisdiction of the federal go nt. In 
2005, the Pew Charitable Tr Lenfest 
Foundation asked the Woods ceano- 
graphic Institution (W an Massachu- 
setts to convene a task f stakeholders 
to examine the risks efits of offshore 
aquaculture and h Id be regulated. 

First off, ~*~ el chair Richard 
Pittenger, a Ng Pht the Nation: of WHOI, 


Congress sho t the National Oceanic 


and Atmoggheric Administration (NOAA) in 
charge aj date it to evaluate the risks of 
offsho 1aculture before granting any 
p the panel’s view, major hazards 
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include pollution from exces and 
feed. Although the open ocean ler than 
coastal ecosystems at dispergg ese pollu- 
tants, the panel says that wai uality stan- 


dards are needed. -<—S is that 
escaped fish could h d populations. 


That’s why the panel non-native fish, 
regardless of wh ey’re in coastal or 
open waters, t be allowed, unless 
to pose no risk. 

strict regulations, the 
for market-based incen- 
tives t Id encourage industry to 
mest @eaina aquaculture opera- 
tions. “IMink we’ve arrived at a reasonable 
balange that would improve the environ- 
erformance of the U.S. industry,” 
sk force member Bill Dewey of the 
ylor Shellfish Company in Shelton, 
ashington. Also important for the long- 
term health of aquaculture is reducing and 
replacing fishmeal. On average, it takes 
6.6 kg of wild-caught fish to grow | kg of 
farmed fish, the panel notes, and the supply 
fisheries are fully or overexploited. 

NOAA wants to add offshore aquacul- 
ture to its bailiwick. In the previous Con- 
gress, the agency proposed a bill—the 
National Offshore Aquaculture Act of 
2005—that would give it authority in federal 
ocean waters. Opponents criticized the bill 
because it didn’t mandate environmental 
standards (Science, 8 September 2006, 
p. 1363), and it never made it out of a 
Senate committee. Two key senators are 
expected to reintroduce the bill, which 
NOAA is revising to include recommenda- 
tions from the panel. -ERIK STOKSTAD 
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Korea Boosts R&D Spe 


Nuclear fusion research gets 
in South Korea's new scienc 
to the soon-to-be-comjeted 
conducting Tokamak@, 
facility and the coun 
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olvement in the 


ion. Overall, spending on 

echnology will rise 9.6% to 

n, making 2007 the second year 
in which research receives the largest 

entage increase of any budget sector. 

—-DENNIS NORMILE 


An Italian Welcome Mat 


Italy hopes to attract more foreign scientists to 
its universities by offering them salaries and 
tenure comparable to what their Italian col- 
leagues receive. Fabio Mussi, Italy’s minister of 
universities and research, has set up a special 
government fund to finance the changes; 
meanwhile, support for ongoing research proj- 
ects will be reviewed in hopes of finding 
money to stabilize current academic positions. 
Scientists like the idea but are waiting to 
see how Mussi will follow through. Elisa 
Molinari, a physicist and director of the Italian 
Institute for the Physics of Matter, believes 
that a better way to attract “brilliant brains 
from all over the world” would be for the gov- 
ernment to spend more on research. 
—FRANCESCO DE PRETIS 


Poached Eggs 


An international body has ended a ban on 
exporting caviar, or sturgeon eggs, from the 
Caspian Sea. Last week, the Convention on 
International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) allowed exports 
of stellate and Russian sturgeon caviar to 
resume, noting “improvements to the moni- 
toring programs” of Russia, Kazakhstan, 
Turkmenistan, Azerbaijan, and Iran. 

The move comes despite evidence that stur- 
geon poaching is rampant. Phaedra Doukakis 
of the Pew Institute for Ocean Science in New 
York City says that CITES “gave no evidence the 
species were recovering. This decision flies in 
the face of its principle to allow trade only 
when it demonstrably does not jeopardize the 
survival of a species.” CITES limited the total 
exports to 86 tons, 15% less than in 2005, the 
last year exports were permitted. 

—CHRISTOPHER PALA 
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Agent Orange'B 


New findings paint a more sinister pi 


scientists are trying to revive an epi 
wg Pave 
and clarify its legacy in ag 
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wash hands. How to play wi 5 
guish colors,” explains Nguyen ‘@ Oanh, a 
teacher at Friendship Vil rehabilitation 
center in Van Canh, w; anol. The stu- 
ith limited men- 


ome villages. During 
rehab, Oanh sg@s,Sjome kids get a little bit 
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This sggne may resonate among health 
workers the world who have run simi- 


lar rghi ions. But in Vietnam, it resonates 
a 4 | 


a of war. The 120 children and 
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the Vietnam War herbicide; 
of its effects on U.S. veterans 


young adults from 34 provinces at Friendship 
Village share one thing in common: Their par- 
ents or grandparents claim to have been in 
areas where the U.S. military 4 decades ago 
used herbicides—the most notorious being 
Agent Orange—to destroy crops and strip for- 
est canopy to flush out the enemy. 

Vietnam claims that the children’s disabil- 
ities were caused by parental exposures to 
Agent Orange. Western scientists have long 
been at odds with their Vietnamese counter- 
parts over the strength of evidence correlating 
exposure to dioxin—a toxic contaminant of 
the herbicide—and illnesses in individuals, 
particularly birth defects. “The Vietnamese 
government is using malformed babies as a 
symbol of Agent Orange damage,” says 


itter Harvest 


Arnold Schecter, a toxicologist at the Univer- 
sity of Texas School of Public Health in Dal- 
las, who remains cautious about making asso- 
ciations after studying Agent Orange for 
more than 20 years. 

In Vietnam, there is far less ambiguity. 
“The number of child victims could be in 
the 100,000s,” says Dang Vu Dung, director 
of Friendship Village, run on donations 
from overseas veterans. Countrywide, 
roughly 3 million people are Agent Orange 
victims, asserts Nguyen Trong Nhan, vice 
president of the Vietnam Association for 
Victims of Agent Orange/Dioxin (VAVA), a 
nongovernmental organization in Hanoi. 

The long-term effects of Agent Orange 
may never be known, now that an ambitious 
attempt to analyze them has ended. Late last 
year, the U.S. Department of Defense pulled 
the plug on a 20-year-long health study of 
U.S. veterans involved in Operation Ranch 
Hand, which sprayed 95% of the Agent 
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Sowing trouble. U.S. Air Force planes spray Agent 
Orange defoliant over Vietnam in 1966. 


Orange and other herbicides used in Vietnam. 
The $140 million research effort was “the 
most detailed study of human exposures ever 
done,” says epidemiologist Joel Michalek of 
the University of Texas Health Science Center 
in San Antonio, who until 2005 was a princi- 
pal investigator of the Air Force study. The 
firmest link it uncovered was between Agent 
Orange and an elevated risk of diabetes. Other- 
wise, Michalek says, “there has been little or 
nothing to say—until now.” A cancer signal is 
just beginning to emerge from the data, he 
claims, as are subtle physiological changes 
such as suppressed testosterone levels and 
prostate growth. 

The decision to halt Ranch Hand stunned 
many researchers. “It will be a tremendous 
loss to science if it is not continued,” says 
Linda Birnbaum, chief of the U.S. Environ- 
mental Protection Agency’s (EPA’s) experi- 
mental toxicology division in Research Trian- 
gle Park, North Carolina. A proposal to resur- 
rect it is circulating on Capitol Hill. By law, 
the Air Force must transfer custody of exist- 
ing Ranch Hand data and specimens to the 
U.S. National Academies, which hopes to 
make them available for further research. 

Another day of reckoning is on the hori- 
zon—this one for the Vietnamese who claim 
to have been injured by Agent Orange. This 
spring, in a U.S. appeals court, oral arguments 
are expected to begin in a class-action suit 
brought by Vietnamese citizens against Agent 
Orange manufacturers. (The claims had been 
dismissed by a lower court in 2005.) The 
claimants demand compensation like that 
given to U.S. veterans who handled Agent 
Orange and contracted certain illnesses. “It is 
time for the U.S. government and chemiga 
companies involved in the war to take re: 
sibility for the damage caused by their ac 
and products,” says epidemiologi 
Nguyen of the Garvan Institute 
Research in Sydney, Australia. 


ycal 


Bitter feelings threaten th oming 
relationship between the Una ates and 
Vietnam. “Agent Orange is a vel ensitive, 
very delicate, very politi e—and very 
controversial,’ Schecte In a small ges- 
ture, the U.S. gove pledged to assist 
Vietnam in clea 


Researche both countries hope 
this will Kind gdh interest in a joint probe. 
ly ready for cooperation with 
tes—as long as it is based on 
its and mutual respect,” says 
t Le Ke Son, director general of 
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Vietnam’s “national steering committee for 
the overcoming of the consequences of 
toxic chemicals used by USA in the war in 
Vietnam,” or simply “Committee 33.” But 
USS. experts have found Committee 33 rigid 
and opaque and therefore hard to work with. 
Says Michalek, “Studies in Vietnam are 
going to be difficult.” 


True colors 

The U.S. and South Vietnamese air forces, 
mostly using military transport planes, began 
spraying herbicides in the fall of 1962. Over 
the next decade, they unloaded some 77 mil- 
lion liters of herbicides on 2.6 million hectares 
of south and central Vietnam. For the first few 
years, the main herbicide was Agent Purple, a 


®& emical clearance. Normal mangroves (top) and 
a forest 5 years after defoliation. 


mix of 2,4-dichlorophenoxyacetic acid (2,4-D) 
and two forms of 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T). Then in 1965, the military 
deployed Agent Orange, a faster-acting 
defoliant consisting of 2,4-D and a single 
form (n-butyl ester) of 2,4,5-T. Ina painstaking 
reanalysis of herbicide use during the Viet- 
nam War, Columbia University chemist 
Jeanne Mager Stellman and her colleagues 
estimated that over 6 years, 45 million liters of 
Agent Orange were sprayed (Nature, 17 April 
2003, p. 681). 

These agents were laced with a long-lived 
contaminant, 2,3,7,8-tetrachlorodibenzopara- 
dioxin (TCDD). It’s unclear precisely how 
much dioxin rained down on Vietnam. Stell- 
man’s group adopted a “conservative” value 
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of 3 parts per million of TCD gent 
Orange, although levels “could old or 
more higher,” they assert 10% of 


Vietnam took a direct hit. 

By the late 1960s @Westgrn researchers 
had evidence that 24) "ad 2,4,5-T cause 
birth defects in micgg—tT¥@ were alarmed as 


Vietnam attribut e herbicides. In a res- 
olution at its ag eeting in 1969, AAAS 
(publisher nce) urged the Defense 


and operations didn’t cease until late 
1, and South Vietnamese forces contin- 
to dip into herbicide stockpiles until the 
r ended in 1975. 

But whereas 2,4-D and 2,4,5-T “are not 
innocuous compounds,” Birnbaum notes, evi- 
dence soon pointed to a darker villain: dioxin. 


A toxic trail 

In the past 3 decades, studies have revealed 
that dioxin causes many harmful effects in 
animals—birth defects, cancers, and 
endocrine disorders—sometimes at vanish- 
ingly low concentrations. In a rogue’s 
gallery of 75 known forms of dioxin, TCDD 
is the nastiest. “From fish through primates, 
it’s the most toxic,” Birnbaum says, perturb- 
ing “lots of different systems in the body.” 
Significantly, it binds to the aryl hydro- 
carbon receptor, a key regulatory protein. 
As a result of this unholy coupling, dioxin 
throws a wrench into processes as diverse as 
normal homeostasis and aging. (Ukraine’s 
president, Victor Yushchenko, was deliber- 
ately poisoned with TCDD in 2004.) 

It has, however, been difficult to probe for 
links between dioxin and human illness. 
“Thank goodness, very few people in the world 
are ever exposed to high levels,” Birnbaum 
says. But those with high exposures—in rare 
occupational accidents and industrial disas- 
ters—have suffered chloracne, a severe skin 
disorder, and transient symptoms of poisoning. 
Studies have also indicated that dioxin might 
trigger or abet cancer development and possi- 
bly heart disease years after exposure. 

Exposures in Vietnam are hard to quantify. 
Stellman’s team estimates that more than 
3000 villages with at least 2.1 million people 
were “sprayed directly” with herbicides, 
although the number potentially exposed 
could be as high as 4.8 million. “There are no 
good records as to who lived in a certain vil- 
lage at a certain time,” says Michalek. In more 
than 30 trips to Vietnam since 1983 to docu- 
ment TCDD in humans, wildlife, food, and 
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Potent symbol. Children of parents or grandparents exposed to Agent Orange attend a rehabilitation center 


at Friendship Village near Hanoi; Vietnam blames their problems on Agent Orange. 


soil, Schecter and John Constable of Harvard 
University have found elevated dioxin levels 
in many of the roughly 4000 people they have 
tested. Schecter says that a handful of individ- 
uals living near a wartime herbicide storage 
area, Bien Hoa, had TCDD blood levels 
exceeding 400 parts per trillion. (The U.S. 
population averages | or 2 ppt.) 

In the United States, in response to pres- 
sure from veterans’ groups, the Air Force in 
the late 1970s began planning a study to track 
the health of some 1200 Ranch Hand veterans 
and a control group: veterans not exposed to 
Agent Orange. The research also examined 
both cohorts’ roughly 8500 children. “We 
launched the study knowing next to nothing 
about the exposure profiles”—how much 
dioxin each vet absorbed, says Michalek, who 
started on the project in the late 1970s when he 
was with the Air Force Research Laboratory at 
Brooks Air Force Base in Texas. 

With veterans blaming Agent Orange for 
an array of ills, the Air Force scientists 0 
for a broad approach to data collection 
took some heat for that. “The study was 
as seriously flawed,” asserts Stellmayf 


states that it began as “too much @, ing 
expedition, measuring everythi ny- 
thing with too few scientific ly s.” 

In 1987, Ranch Hand res rs began 
to measure dioxin levels in veté%s’ blood 
samples. It was revelat any people 


who thought they w, pzhly exposed 
actually were not,” irnbaum. “There 
were very few p ith high levels.” 


Michalek a. vy agues sorted veter- 
ans into an ws m-, or high-exposure 


categories. In! , that rough cut at esti- 


mating exggpsure turned up a clear hit: Dia- 
betes ri eased with exposure. Over 
the pe ade, however, other findings 
w atingly indistinct. 


Michalek has since reanalyzed the d. 
zeroing in on veterans who were in Vie 
during or prior to 1968 and were inv 


at least 90 days of herbicide sprayi SO 
excluded vets who spent more th: rs in 
Southeast Asia. (Veterans in the group 
with such extended deploym at higher 
risk of cancer—possibly fr Xposure to 
DDT during a World Ith Organization 


campaign in the 1960s ate malaria in 
the region, Michalek QqgBllates The new 
analysis oo and clearer 
trend” of a dos@@e ent risk for diabetes 
and cancer, s halek, who intends to 
submit his fi to a peer-reviewed jour- 


nal later t th. He expects heavy flak: 
“Critics cuse me of slicing and dicing 
the dat says. 


others say it would be a mistake 
away now. “Certain chronic effects 
years and years to develop,” says 
um. And although some experts 


SUFFICIENT EVIDENCE OF AN ASSOCIATION 9% 
Chronic lymphocytic leukemia (right) 
Soft-tissue sarcoma 

Non-Hodgkin's lymphoma 
Hodgkin's disease 

Chloracne 


LIMITED OR SUGGESTIVE EVIDENCE OF AN ASSOCIATION 
Respiratory cancer (lung and bronchus, larynx, and trachea) 


Prostate cancer 

Multiple myeloma 

Early-onset transient peripheral neuropathy 
Porphyria cutanea tarda 

Type 2 diabetes mellitis 

Spina bifida in offspring of exposed individuals 


National Academies’ Institute cine 
(IOM) concluded last year t e data 
appear to be of high quality a ecimens 


well preserved.” The Air F@cefwill transfer 
Ranch Hand data and sgecimgns to the acade- 
mies by the end of aa t. “If we subse- 
quently receive fundigge anage the assets 
and permission frorf igvesearch subjects, we 
intend to make t erials available for fur- 
ther analysis,” s&#¥@pavid Butler, an IOM sen- 
ior program g . And JOM next month will 
) advise the Department of 
(~ akg (VA) on how to apply the 
wy [p's exposure model to studies of 
Crees. Michalek’s university, mean- 
t a proposal late last year to several 
ers of Congress and key committees 
Ing support for a $2-million-per-year 
inch Hand extension. 

Congress has intervened before: It passed 
the Agent Orange Act in 1991, mandating care 
for veterans known to have been exposed to 
Agent Orange. The act also called for a defini- 
tion of illnesses attributable to Agent Orange, 
as a basis for compensating sick veterans. 
Toward this end, the VA enlisted IOM to review 
the health effects of exposure to herbicides used 
in Vietnam. IOM’s landmark report, Veterans 
and Agent Orange, came out in 1994; by law it 
must be updated every 2 years until 2014. The 
latest update, published in 2004, concludes that 
there is “sufficient evidence of an association” 
between herbicide exposure and five ailments: 
chronic lymphocytic leukemia, soft-tissue sar- 
coma, non-Hodgkin’s lymphoma, Hodgkin’s 
disease, and chloracne (see table). 

Of all categories of illness blamed on 
Agent Orange, the most divisive, perhaps, is 
birth defects. This “remains one of the most 
contentious issues in science,” says Nguyen 
of the Garvan Institute. According to VAVA’s 
Nhan, the rate of severe con- 
genital malformations in 
herbicide-exposed Viet- 

namese populations is 

2.95%, compared to 

0.74% in nonexposed 

populations. Grandchil- 
dren are afflicted at a sim- 
ilar disproportionate rate, 

Nhan notes. Government publi- 
cations about the herbicides are 
filled with heartrending pictures 
of deformed children. Reports of 
families with multiple malformed 
children abound. 

In contrast, the IOM panel has 
noted “limited or suggestive” evi- 
dence linking herbicide exposure 
and one congenital defect: spina 
bifida, amalformation of the spinal 
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cord. For all other birth defects, the panel con- 
cluded that evidence for an association was 
“inadequate or insufficient.” 

This long-running debate has been 
reignited. A team led by Nguyen for the first 
time pooled published data with unpublished 
data from Vietnamese studies of veterans and 
sprayed civilians. Their meta-analysis of 
22 studies, half of which were unpublished, 
found a “substantially greater” association 
between Agent Orange exposure and birth 
defects in Vietnamese populations than in 
USS. veterans. Overall, people who believe 
they were exposed to Agent Orange were 
almost twice as likely to have a child with 
birth defects as were unexposed people, 
Nguyen’s group reported last October in the 
International Journal of Epidemiology. 

The study has received mixed reviews. “I 
don’t think using unpublished data is a good 
way to do a meta-analysis,” says Schecter, who 
believes that poor nutrition, infec- 
tions, and genetic flaws are respon- 
sible for most malformations seen 
in Vietnamese children. Michalek, 
on the other hand, says Nguyen and 
colleagues “did the best they could 
with available data.” Nguyen notes 
that the Vietnamese researchers 
have had a “hard time” submitting 
their findings to international jour- 
nals. “I certainly hope that they will 
publish their work,” he says. 

Whether the health effects can be brought 
into sharper focus is unknown. A few years 
ago, prospects were looking good. In March 
2002, the U.S. and Vietnamese governments 
signed a research framework to probe Agent 
Orange effects. “Agreeing to do the research is 
the easy part,’ Anne Sassaman, then an offi- 
cial with the U.S. National Institute of Envi- 
ronmental Health Sciences (NIEHS), saiga 
the time. “The more difficult task will 
develop research studies that are defin 
and address the underlying causes of. 
in Vietnam.” ® 

NIEHS thought it had a via ere c: 
in sight. In 2003, the agenc itted 
$3.5 million to a study led by arpenter 
of the University at Albany in York, to 
probe the possible relat) tween Agent 
Orange and birth defggtS¥ ut talks over a 
U.S.—Vietnam co ion agreement 
foundered. “Wit » the research was 
impossible to 4 t,’ says Committee 
33’s Son. U.S. g#fiSs, including the ambas- 
sador to Viet and the health attaché, 
" hard with the Vietnamese but 
tant roadblocks,” says one 
t. With talks stalemated, NIEHS 
‘Albany study in February 2005. 
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Seeking closure 

In acommon room of a dormitory at Friend- 
ship Village, Tran Van Tham, a retired lieu- 
tenant in the Vietnam People’s Army, and 
several other veterans are lounging under a 
portrait of Ho Chi Minh, the leader with the 
white-streaked Fu Manchu mustache and 
goatee who orchestrated the North’s victory 
30 years ago. Whereas disabled children stay 
for rehabilitation for up to 3 years, veterans 
cycle through for a month at a time for 
health checks. “We reminisce, but mostly 
are here to enjoy life. We feel better, spiritu- 
ally,” says Tham. 

Years ago, Tham’s two babies succumbed 
to hydrocephaly and other defects, he says. 
He blames wartime Agent Orange exposure. 
Nevertheless, Tham says, eyes glistening, 
“we can forgive American veterans.” B 
Agent Orange victims are a burden on V4 
nam, he says. ““We support our govern: 


an Van Tham, 


m People’s Army 


t and look to the future 
tes,” adds Nhan. “But we 
gent Orange victims.” In 
introduced a program to 
compe™sage people who claim disability 
from Ageht Orange exposure. But Nguyen 
Sgyvs @at each person gets only a few 
lars per month. He estimates that 
needs hundreds of millions of dol- 

S to care for all victims. 

In 2004, VAVA, exasperated after years of 
pleas for U.S. aid went unanswered, filed a 
class-action suit in U.S. District Court against 
37 companies that supplied herbicide chemi- 
cals to the U.S. military during the Vietnam 
War. “We had hoped the United States would 
respond with goodwill and regarded the law- 
suit as a last resort,’ says Nhan. 

The claims were dismissed in March 
2005. In a 233-page decision, Senior Dis- 
trict Judge Jack B. Weinstein ruled that the 
companies could not be sued as government 
contractors. Nor was he persuaded by the 
scientific case. “No study or technique pre- 
sented to the court has demonstrated how it 
is now possible to connect the herbicides 
supplied by any defendant to exposure by 
any plaintiff to dioxin from that defendant’s 
herbicide,” he wrote. The decision “was a 


policy to clos 
with the Uni 


cannot i 
2000, ‘ 
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great surprise,” says Nhan. Th 
appealed to the 2nd Circuit Co 
in New York City, and oral 
be heard as early as April. 
The plaintiffs’ firsgehaljenge is to con- 
vince the appeals cou®, companies can 
be sued. If they succ would then have 


eral or specific causation,” 
‘Proof of causal connection 


depe upon substantial epidemio- 
logic er scientific data.” 
tough argument to overcome, 


21 paucity of solid epidemiological 
To carry out a high-quality study of 
an health effects in Vietnam would 
uire “a huge amount of money,” says 
irnbaum. The “real hurdle,” adds Sassaman, 
who recently retired from NIEHS, “is to get 
the appropriate scientists and scientific 
expertise engaged in truly collaborative 
research.” With that in mind, she says, NIEHS 
has just launched a program to fund junior 
researchers from Vietnam and other develop- 
ing countries to work up to 2 years in labs of 
NIEHS-funded scientists. 

Others are taking direct action to elimi- 
nate dioxin hot spots in Vietnam. Inter- 
national experts, working with Vietnamese 
counterparts, have identified nearly 
100,000 square meters of heavily contami- 
nated soil in several places where herbi- 
cides were stored during the war, says Son. 
Near Da Nang Airport, he says, TCDD levels 
in soil reach 35 parts per billion—35 times 
the permissible level. “Hundreds of thou- 
sands of tons” of soil will have to be dug up 
and stored or treated to remove dioxins, Son 
says. Last month, the Ford Foundation 
awarded $460,000 to Hatfield Consultants, 
an environmental firm in West Vancouver, 
Canada, to assist at Da Nang. 

The U.N. Development Programme, with 
support from EPA and the Ford Foundation, is 
setting up a $60 million trust fund for cleanup 
efforts and to improve the economy of villages 
near the hot spots. Vietnam’s Ministry of 
Defense has already commenced cleanup at 
Bien Hoa. “We should get rid of these hot 
spots,” says Birnbaum. “We know that dioxin 
is bad stuff.” 

There may be no consensus on exactly how 
potent dioxin is as a cause of disease and dis- 
figurement. But people do seem to agree that 
purging the land of the last vestiges of the 
Vietnam War—particularly the chemical 
residues of Agent Orange—is something 
worth fighting for. 

—RICHARD STONE 
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Fruit Fly Fight Club 


Fruit flies brawl over mates and territory. Now some scientists are betting 
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battles can help them unravel the genetic basis of aggression 


BOSTON, MASSACHUSETIS—A fter a furious 
combination of blows, the pugilist has his 
opponent backed up to the edge of the ring. 
Punches fall like rain as the opponent teeters 
on the brink. But just when it looks like he can 
take no more, the fighter employs a surprising 
tactic. Planting one wing on the ground, he 
regains his balance and drives back his adver- 
sary with four wildly swinging legs. The com- 
batants here are fruit flies, the ring is a thimble- 
sized cup of agar, and the fighting venue is a 
laboratory here at Harvard Medical School. 
Sibu Mundiyanapurath, a visiting medical 
student from Germany, is reviewing videos of 
a recent series of bouts with a genetically 
modified strain of Drosophila melanogasgr. 


Even unaltered fruit flies fight, Mundiyanap, 
says, but this strain is unusually comba' 


“These guys just keep on going aft 
other,” he says. of 


Who knew fruit flies were such ious 
little beasts? Very few people ently, 
says Harvard neurobiologi ravitz, 
Mundiyanapurath’s research af@ser. In a 
research paper publishe 15, the noted 
geneticist Alfred Sturte ntioned tussles 


between male flies c 
only a smattering s on fly aggression 
appeared subs the scientific litera- 


ture. That see: hanging now. 

Since 200 Re and colleagues have 
described agurprisingly diverse repertoire of 
ageressi Rorevior in these tiny insects. 


They’ ntly found that flies remember 
pr, ponents and that vanquished flies 


g for mates, but 


seem to develop a “loser’s oh: that vir- 


tually ensures defeat in quent bouts. The 
biologists also discover ale and female 
flies have distinct fight les, and they have 
taken advantage o werful genetic tech- 
niques availabl ophila researchers to 
investigate the such differences. 

have turned into fruit fly 
o. Last year, researchers in 
orth Carolina independently 
hanges in gene expression in fly 
for aggression. Understanding the 
ggnetia basis of aggression in flies may even- 
ead to a better understanding of aggres- 
other animals, including humans, 
MYavitz and others suggest. “Drosophila are a 
Great model system for looking at the genetic 
basis and evolution of aggressive behavior,” 
says Ary Hoffmann, a geneticist at the Univer- 
sity of Melbourne in Australia who published 
a series of papers on fly aggression in the 
1980s. Hoffmann had shelved his work on 
aggression, but he says the new research has 
rekindled his interest, and his lab now plans to 
look for genetic variations that account for 
individual differences in fly aggression. 


Lobster versus fly 

Kravitz first heard of fighting flies about 
10 years ago when he gave a lecture on his 
studies of aggression in lobsters. That 
research, begun in the late 1970s, had estab- 
lished that levels of neurotransmitters such as 
serotonin fluctuate when the crustaceans fight 
to establish social status. Afterward, someone 


from the audience told him about fi 
“T don’t think I was too impre, 
recalls. But the researcher, 
papers, and that got Kravitz 


m some 
g about the 
advantages of working @jith ty msects. 

One of the most Matic questions 
he'd been trying to a owe: how complex 
patterns of behavi6 
systems. “If yo 


o ask a question like 


do that wit@loie 


@icd tinkering with fly genes, 
da better understanding of the 
ting behavior. Many of the early 


B 
Krav 
i 
€ nts put a bunch of flies, males as well 

ales, in a small space. It was basically a 


for-all, with courting, fighting, and mat- 
going on simultaneously. Kravitz simpli- 


ied the situation by pitting just one fly against 
another. It took some trial and error to get the 
setup right, but the arena now consists of a 
small cup of agar enclosed by Plexiglas. A dab 
of yeast paste—a delicacy for Drosophila—in 
the middle of the cup gives the flies something 
to fight over. For male flies, the researchers up 
the ante by sticking a headless female in the 
center of the ring. (The males seem to find 
decapitated females just as attractive as intact 
ones, and the headless ones can’t fly away.) 

After poring over more than 2000 video- 
taped interactions between male flies, Kravitz 
and colleagues identified nine distinct acts of 
aggression in a 2002 paper in the Proceedings 
of the National Academy of Sciences (PNAS). 
These moves included “wing threats” in 
which one fly faces another and suddenly 
raises both wings, “fencing” in which one fly 
pokes a leg at another fly, “lunges” in which 
one fly stands up on two hind legs and slams 
down on his opponent, and “boxing,” which 
looks about like it does in humans, if you add 
two limbs and subtract the gloves. 

Whichever fly started the fight was most 
likely to win, especially ifhis first move was a 
strong one, the researchers also found. For 
example, an instigator that used a slow 
“approach” move, in which he lowered his 
body and walked toward his opponent, had 
3-to-1 odds of ultimately making his oppo- 
nent retreat. But flies that started with a more 
intense move, such as fencing or wing threat, 
improved their odds to 16 to 1. 

“The videos were just absolutely stun- 
ning,” says Robert Huber, an animal behav- 
iorist at Bowling Green State University in 
Ohio who helped Kravitz with some of the 
behavioral analysis. What struck Huber most 
about the fly fights were the intricacy of the 
different moves and the fact that the insects 
used certain combinations far more often than 
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others. “Tt all seemed to be going on according 
to very strict rules,” he says. Huber speculates 
that a consistent pattern of fight escalation 
gives the insects an efficient way to establish 
dominance hierarchies: Fights between mis- 
matched flies get resolved quickly with visual 
displays and other low-intensity maneuvers, 
whereas only closely matched flies have to go 
through their entire aggressive repertoire to 
determine who’s the champ. 

Recent work by Kravitz’s team sheds fur- 
ther light on how flies form and maintain hier- 
archical relationships. When flies that had lost 
their first fight reentered the ring after a 
30-minute time-out, they almost never won. 
First-time losers had a 0-5-5 (win-loss-draw) 
record in rematches with their first opponent 
and a similarly feeble 0-6-6 record against 
naive opponents who'd never fought another 
fly, Kravitz and colleagues reported in the 
16 November 2006 PNAS. First-time losers 
lunged less and retreated more in their second 
fights, and they rarely made the first move; 
they only managed wins against other losers. 

The researchers also found that flies 
appear to remember not just the outcome of 
their first fight but also the opponent. In sec- 
ond fights, familiar opponents had fewer 
aggressive encounters than did unfamiliar 
opponents. First-time losers tried out a few 
more lunges early on in fights against unfa- 
miliar winners than in fights with the fly 
they'd lost to previously. 

Now Kravitz and colleagues are hunting 
for changes in gene expression that may 
underlie the memory of past battles. Many 
researchers have investigated learning and 
memory in flies in relatively simple classical 
conditioning experiments, Kravitz points out. 
“But the learning we see happens during a 
social experience, and we want to know if the 
same genes are involved and whether we 
see differences in gene expression that ac 
pany becoming a winner or becoming a |Oy 


Girl fights 
Like males, female fruit flies do 
from conflict. They may not beg 
voked as males, but given a d@,o} 
yeast to fight over, a pair of fe 
their worst. (“They mi 
headless males,” Kravyj 


delicious 
aes will do 
interested in 
s. “We haven’t 


Mail to notemart@gmail.com for any further request. 


also showed no evidence of dominance hierar- 
chies. Unlike fights between males, in which a 
clear victor typically emerges, fights among 
females seesaw indefinitely. 

More recently, Kravitz’s team has begun to 
investigate the genetics behind these gender 
differences. The group’s initial experiments 
have focused ona gene called fruitless (fru) that 
has long been studied for its role in determining 
sex-specific courtship behavior. The fru gene is 
spliced differently in males and females, creat- 
ing distinct messenger RNA transcripts. The 
male transcript can be used to make protein, but 
the female transcript apparently cannot. In 
2005, Barry Dickson of the Research Institute 
of Molecular Pathology in Vienna, Austria, and 
colleagues reported in Cel/ that female flies 
genetically altered to make the male version of 
fruperformed courtship behaviors usually see 
in males and courted other females (Scie. 


a? 


Float Like a Butterfly, Sting Like a Bee? 


NEWSFOCUS E 


3 June 2005, p. 1392). Male flies ale 
fru barely courted at all. 

The fru gene has a similar 
styles, Kravitz, Dickson, 
reported in the Decem 00 


Neuroscience. Male 


fighting 
olleagues 
ssue of Nature 
female version 


females, using 
never boxed. 
did not appe: 
with other 


tts and shoves; they 
jon, males with female fru 
dominance relationships 
onversely, female flies with 


the of fru tended to fight like 
male Il, the findings suggest that fru 
e 1 e neural circuitry for aggressive 
b r just as it does for courtship behavior. 


between fighting and courting aren’t 

ue to flies, Kravitz says. One of the most 

ic decisions any animal has to make is how 

‘0 respond to another of its kind, he says. “Is this 


See =: & & 


CREDITS (TOP TO BOTTOM): G. MILLER/SCIENCE; CHEN ET AL., PNAS 99, 8 (2002); JUPITER IMAGES 


looked.”) Although m: 
some common m 


females employ 
male fights never 


Fruit flies have a few moves that might impress Muhammad Ali. At Harvard, Sibu Mundiyanapurath 
(top) transfers fruit flies into a fighting arena (bottom left). Still images from videotaped 
escalate to Bp, and “tussling” (a fights show characteristic maneuvers such as (left to right) wing threat, fencing, boxing, and 
rolling aroun holding, punching, and a defensive wing-threat display by a losing fly as he’s chased by the victor. Movies of fly fights 
rolling around! e ground) as do the most <— can be seen at these sites: 
intense figits between males, Kravitz and ata = ww.hms. harvard.edu/bss/neuro/kravitz/moviepage.html 
colleag oe ~<- www. pnas.org/cgi/content/ful/0404693101/DC1 

a 


ported in PNAS in 2004. @.: 
Instga - www. nature.com/ng/journal/v38/n9/suppinfo/ng1864_S1.html 
a4 aT” 


ales frequently head butt and 
1cs rarely used by males. Females 
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someone I want to court or someone I want to 
fight?” Kravitz’s lab now hopes to identify the 
neural circuitry and chemical signals underly- 
ing such decisions by expressing female fru in 
specific subsets of neurons in male flies. 


Bred for battle 

Other labs have taken a different approach to 
studying aggression in Drosophila. Last Sep- 
tember, two research teams reported breeding 
flies to be hyperaggressive. In one study, 
geneticists Ralph Greenspan and Herman 
Dierick of the Neurosciences Institute in San 
Diego, California, selected aggressive flies by 
introducing 120 males and 60 virgin females 
into an enclosure with 11 small cups filled 
with fly food. Males’ first priority was mating, 
but after that they settled down on the food 
cups and started defending their territories. 

In most encounters between males, one 
fly was clearly dominant from the beginning 
and would chase any intruders on his cup, 
Dierick says. But a few would stand their 
ground and fight back. These males are the 
most interesting, in Dierick’s view. “The real 
question to me is what happens when a male 
decides to reciprocate?” 

To get at that question, he extracted these 
dauntless flies from the fight cage and mated 
them with random females from the same gen- 
eration. Then he started the process all over. 
After 21 generations, he’d created a superag- 
gressive line of flies that were quicker to fight 
and fought longer and more intensely than a 
line of flies created by selecting random males 
from the fight cages. Next, Dierick used DNA 
microarrays to look for changes in gene expres- 
sion in the aggressive flies. In this strain, 
42 genes had increased or decreased 
their activity by 25% or more, Dierick 
and Greenspan reported in the September 2006 
issue of Nature Genetics. These gengss 
they noted, have diverse roles, inclugy 
muscle contraction, energy metabo 


and cuticle formation. 
a 


One gene in particular, Cyp6a2@, 


out so far as having a potentially, icant 
influence on aggressive behav p6a20 
was less active than normal i gressive 
line of flies, and deactivating it normal 


ressive. The 
plays a role in 
sses, including 
Dierick suspects 
that an pee, a20 gene makes flies 
more aggress making them hyper- 
sensitive to ondres, 
In the Sg@tember 2006 issue of PLoS' Genet- 
y Trudy Mackay of North Car- 


ics, a teal 
olin yess in Raleigh reported the 
< attempt to pinpoint genes related to 


strain made the flies m 
gene encodes an enzy 
many physiologica 
pheromone signal} 
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aggression in their own line of hyperaggressive 
flies. Mackay’s group identified a much larger 
set of candidate genes—nearly 1500—and has 
so far found 15 that alter aggressive behavior 
when mutated. As in Greenspan and Dierick’s 
study, the candidate genes covered a wide range 
of physiological functions. 

One puzzle is that neither set of experiments 
turned up genes related to serotonin, the neuro- 
transmitter with the longest legacy in the litera- 
ture on aggression. One explanation, Dierick 
suggests, is that the breeding experiments 
didn’t enhance (or repress) serotonin-related 
genes because there was little variation in these 
genes in the starting populations. Going 


forward, he says, establishing w ero- 
tonin plays a role in fly ager ill be 
important for evaluating ho cable fly 


studies are for understandi 
other animals. @ 

The broader imp of this work on 
fighting flies erin eNO “Tt’s far 
what these studies 
rate aggression,” cau- 
vitz is more optimistic. 


plex behaviors such as 
animals, he notes. “If we 


under: fat happens in flies, it will give 
us SO information about how it might 
h er animals.” -GREG MILLER 


gression in 
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GM Technology, 
Developing 


The first genetically modified 
trials. Its success would be Stone 

About 100 km north of bw South Africa, 
in a greenhouse cha larger than a 
walk-in closet, Frederi pers clips a slen- 
der vial to a babyfige plant’s new leaf. 


Inside the tube @@arPsect with a potentially 
deadly bite, deadly to corn. This 
African lea (Cicadulina mbila) car- 
ries maize, irus, a scourge endemic to 


sub-Sa frica that devastates fields. 
Klopp lant pathologist and technical 
manager at Pannar Seeds in Greytown, South 


Afric 


caches a dozen more tubes from the 
use and clips them to additional 
Tomorrow, after the bugs have eaten 
ir fill, he’ll remove the tubes and then wait. 
The fruit of more than a dozen years of 
effort, these maize plants have been geneti- 
cally altered to resist infection by the virus. In 
greenhouse studies so far, the plant is highly 
resistant. If it proves equally hardy in field 
trials scheduled to begin in late 2007, it would 
be a milestone: the 
first-ever gene- 
tically modified 
(GM) crop devel- 
oped by Africans 
for Africa. 

But Kloppers 
and the plant’s 
inventors, micro- 
biologist Jennifer 
Thomson, virol- 
ogist Edward 
Rybicki, and col- 


Unscathed. Unmodified 
plants (left) show signs 
of maize streak infection, 
but the GM plants (right) 
are symptom-free. 


e 
d 


developed entirely in Africa is gearing up for field 


velops in the 


laborators at the University of Cape Town 
(UCT), have much larger goals in mind. In 
a region where chronic hunger is the norm, 
GM maize could help alleviate grain short- 
ages and potentially even boost economic 
development, says Thomson. And because 
plans call for selling the seed to small-scale 
and subsistence farmers for minimal profit, 
the inventors also hope it will help burnish 
the dim reputation of GM technology. 
None of that is assured, Thomson and 
Rybicki concede. The plant could still fail in 
the field, as other African GM crop varieties 
such as sweet potato and cassava have done. 
The failures not only have disappointed the 
technology’s advocates, but they’ve also 
fanned the flames of anti-GM sentiment. 
Although South Africa is one of the few 
African countries to permit farmers to plant 
GM crops within its borders, 
naysayers there, who still have 
substantial clout, have 
condemned the tech- 
nology as a mere mon- 
eymaking tool for West- 
ern companies. Moreover, 
they remain uncon- 
vinced that home- 
grown efforts such 
as UCT’s maize will 
succeed. Another 
failure would give 
anti-GM groups even 
more ammunition. The 
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stakes are high, and the UCT scientists are 
treading carefully. 


The problem 

Maize is not native to Africa. It likely sailed 
across the Atlantic from the New World as 
cargo during the early 1500s, according to his- 
torian James McCann of Boston University. 
Maize flourished and displaced other native 
crops during the 20th century because it 
grows in only a few months and requires rela- 
tively little labor—one pass of the plow 
instead of the three or four necessary for crops 
such as sorghum and millet. In sub-Saharan 
Africa, maize has become the staple food; it 
makes up more than 50% of calories in local 
diets. In Malawi alone, maize occupies 
90% of cultivated land and accounts for 
54% of Malawians’ caloric intake. 

Maize streak virus is likely homegrown, 
say scientists. It lives in native grasses. At 
some point, the virus adapted itself to maize 
and is now able to jump between grasses 
and corn through the bite of an infected 
leafhopper, which itself isn’t sickened by 
the virus. 

Like any other infection, the wrath of 
maize streak waxes and wanes with different 
environmental conditions. Some years, crop 
losses are minimal. But in bad years, such as 
2006, it can wipe out from 5% to 100% of a 
farmer’s maize crop. 

For the past 25 years, African crop scien- 
tists have been trying to breed resistant maize 
by crossing plants that carry some degree of 
natural resistance. But the task has not been 
wholly successful. The trait is conferred by 
several genes on different chromosomes and 
isn’t consistently transmitted to the next gen- 
eration. “It’s not quite clear how resistance 


Seeds. Moreover, traditionally bred variege 


genes are inherited,’ says Kloppers of ons, 


do not completely resist the virus, Klo 
explains. Many tolerate an infection bu®® 


produce stunted or deformed cobs. & 
ms 


A solution <. 

In 1988, when Thomson took ogg ead of 
microbiology at UCT, CP retoss 
seemed a perfect solution. RyD¥@i’s plant 


virology group there wa 
studying the virus. Per, 


team studied t ms necessary for the 
virus to replicg. Nphey inserted a mutated 
viral gene n Oy plant, which in turn 
expressed ggmutated protein necessary for the 


virus to te at very high levels, it could 
beato irus’s normal protein and immo- 


"e& s, they reasoned. 
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Devastation. Transmitted by the bite of a leafhopper, 
maize streak virus devastates maize fields across Africa. 


But getting the genes in proved toug 
Thomson says. The UCT team first trj 
infecting maize with a widely used v 
Agrobacterium tumefaciens, carry} 


genes, but to no avail. Ultimately@feYtic- 
cessfully shot DNA into the p ga 
gene gun. The GM maize plal ries a 
mutated form of a gene f e maize 
streak virus and two additi regulatory 


genes, one derived i itself and 
another from Agrobacgri 


®&. Since then, the 


been working closely 
annar Seeds to test the 
against infection. Kloppers 
ious version of the plant that 


Into the field 


four genefations. So far, it resists infection 
cgpsisgently. Moreover, the trait appears to be 
1 moe in a dominant fashion. 

pers is repeating the experiment with 
ew group of plants that, because of envi- 
onmental safety concerns, no longer carry 
an antibiotic-resistance gene. He expects to 
carry on crossing and checking inheritance 
and resistance through the next few months. 
Provided there are no major setbacks, he 
expects to apply for field trials during the lat- 
ter part of this year. 

Field trials are crucial to assess environ- 
mental and health risks, says Dionne Shepherd, 
a UCT postdoc who has been working on the 
project for the past 10 years. The scientists 
plan to examine whether the crop affects soil 
microorganisms and also whether it affects 
insects that feed on it. Other studies will also 
ensure that the added protein is indeed 
digestible and not an allergen. 

If all goes well, the resistant maize will be 
the first GM crop to be field-tested in South 
Africa; to date, all GM crops planted in the 


where. The government is now 
own expertise to evaluate eng 
human safety, says Sheph 
“UCT’s maize is the 
produced GM prod 
plant as a guinea pi 

To avoid the 


UCT scient d Pannar have been 
working wi lators all along. At stake, 
they say, i nly their crop’s fate, but 
also t gy’s reputation 

A ‘s ago, Kenyan scientist Florence 


ho was trained and supported by 
0, developed a sweet potato plant 
ant to the feathery mottle virus. But 
Oo scientists field-tested the crop, tradi- 
ally bred resistant varieties outperformed 
t. Other efforts have also stumbled during 
field tests. Just a few months ago, scientists at 
the nonprofit Donald Danforth Plant Science 
Center in St. Louis, Missouri, announced that 
cassava plants genetically modified to resist 
cassava mosaic disease lost the trait after a 
few generations. 

Both setbacks have fueled ongoing skepti- 
cism about GM technology. “All this talk 
about the technology’s benefit for Africa is 
just a lot of PR hype to garner funding,” says 
Mariam Mayet of the African Centre for 
Biosafety, an anti-GM lobby group in Rich- 
mond, South Africa. Most of the GM crops in 
the world are grown for animal feed or go 
toward food aid, Mayet says. “The benefit 
mainly goes to industrial agriculture, not to 
small-scale farmers.” 

Because UCT’s maize is homegrown 
and was supported with very little corpo- 
rate money—Pannar was the project’s only 
corporate contributor—Thomson and 
Rybicki hope it can dodge some of these 
criticisms. Private foundations that typi- 
cally give money with no strings attached 
and the South African government funded 
the project’s bulk. To recoup its share of 
investment, Pannar expects the seed to cost 
no more than 15% higher than non-GM 
seed, says Kloppers. Small-scale or subsis- 
tence farmers would likely be charged 
much less, he adds. 

If UCT’s plant succeeds, it would be the 
first GM crop developed by a developing 
country. But Africans might not be the only 
beneficiaries. It might also become the poster 
child of what many argue is a useful and 
important technology—and for better or 
worse, one that desperately needs a public 
relations makeover. 

-GUNJAN SINHA 
Gunjan Sinha is a writer in Berlin, Germany. 
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PTSD and Vietnam Veterans 


IN HIS PERSPECTIVE “PSYCHIATRIC CASUALTIES OF WAR" (18 AUG., P. 923), R. J. MCNALLY NOTES THAT 
a new study by B. P. Dohrenwend et al. (“The psychological risks of Vietnam for U.S. veteran 
arevisit with new data and methods,” Reports, 18 Aug., p. 979) revised downward from 15. 
9.1% the rates of chronic posttraumatic stress disorder (PTSD) from the Vietnam War esti 
by the National Vietnam Veterans’ Readjustment Study (NVVRS). He notes t 
“confirmed the suspicions of the skeptics” but fails to observe that the new study 
that the 2.2% prevalence rate reported by the U.S. Centers for Disease Control (CD 
serious underestimate. 

In numbers, this new rate means that 236,000 veterans currently have PTSD 
War, an enormous long-term emotional and human cost of war. Recently, th 
National Center for PTSD warned about the “psychiatric cost” of depl@ent in war zones, 
noting that we “ imate the even- 
tual magnitude g clinical problem” 
(2). The el oe Mental Welfare 
Society ‘ Stress” group in the 
United saw 944 new referrals 
last ye@,atincrease of 40% in recent 


yea “the average period between 
di from the military and first con- 
t@t vs 12.7 years. 

cNally cited a study (4) of 100 


eatment-seeking veterans, claiming 
fmt only 41% of them had documented 
combat exposure.” Another 52% had 
s (was) unclear (20)” or there was “no evi- 
£09]. Given the general unreliability of military 
absence of proof is not proof of absence” applies. 
are, evident in the current news, is such that dan- 
es designated as “combat zones.” 
1.’s valuable service, we think it is time that scientists 
aw of our prevalence estimates by applying the knowledge 
includes measures of biomarkers. Studies like Dohrenwend 
ledge about neurobiological correlates of PTSD will con- 
plan effectively to treat the true costs of war. 
IC VERMETTEN,? JAMES D. BREMNER,? LEIGH SKELTON,? DAVID SPIEGEL* 
Hospital, Heidelberglaan 100, Utrecht, UT 3584 CX, Netherlands. Department of 


ita, GA 30306, USA. 3Ex-Services Mental Welfare Society, Oaklawn Road, Leatherhead, 
ent of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, Stanford, 


records in a war zone, the old statistical rulé 
We want to stress that the nature of mo 
ger and destruction do not occur o1f% 


tribute to science and hel; 


1Military Psychiatry, Centr: 
Psychiatry, Emory Unive, 
Surrey KT22 OBX, Ups’ 

CA 94305-5718, U 
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| WISH TO COR ISCHARACTERIZATION OF 
my positio . J. McNally made in his 
Reap hi casualties of war” 
(18 . McNally stated that, in a 
i Bot (J) as president of the 
I ‘al Society of Traumatic Stress 

ISTSS), I “urged critics to muffle 
issent, lest the intensity of scientific 
roversy distract us from attending to the 
eds of trauma victims.” I did not say that 
e should stifle critics or scientific dissent. 
I specifically stated that “research and treat- 
ment ideas benefit from being subjected to 
the crucible of criticism via the scientific 
method” (/). As someone who has been con- 
ducting traumatic stress research for almost 
30 years, I have consistently argued that 
good research is the best way to resolve con- 
troversial policy issues and that researchers 
also have a duty to report research results 
responsibly and accurately (2). 

McNally’s Perspective did not provide a 
balanced assessment of B. P. Dohrenwend et 
al.’s findings (“The psychological risks of 
Vietnam for U.S. veterans: a revisit with new 
data and methods,” Reports, 18 Aug., p. 979), 
which refuted most of the prior criticisms of 
the National Vietnam Veterans’ Readjustment 
Study (NVVRS). Instead, McNally focused 
on a misleading comparison of PTSD preva- 
lence estimates for the entire NVVRS sample 
with those obtained from a clinically assessed 
subsample of the NVVRS that used extremely 
conservative criteria to determine PTSD 
status. Dohrenwend et al.’s findings show that 
NVVRS critics [e.g., (3—5)] were wrong when 
they argued that only veterans in combat roles 
could experience war zone stressors sufficient 
to produce PTSD and that veterans’ reports of 
exposure to war zone stressors could not be 
independently verified. 

McNally states that Frueh et al. (6) 
consulted “the same archival sources” as 
Dohrenwend et al. However, Dohrenwend 
et al.’s verification procedures were much 
more rigorous than Frueh et al.’s. McNally 
also stated that Frueh et al. were only able to 
verify combat exposure in 41% of veterans. 
This is true but misleading in that 93% 
of veterans had documented service in 
Vietnam. Dohrenwend et al.’s findings sug- 
gest that exposure to war zone stressors, not 
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just combat stressors, increases risk of PTSD, 
so the latter percentage is more applicable 
than the former. 


DEAN G. KILPATRICK 


Medical University of South Carolina, Charleston, SC 
29425, USA. E-mail: kilpatdg@musc.edu 


References 

1. D. Kilpatrick, Traumatic StressPoints 20 (no. 2), 2 
(2006). 

2. D. Kilpatrick, J. Traumatic Stress 18, 589 (2005). 

3. B.G. Burkett, G. Whitley, Stolen Valor (Verity Press, 
Dallas, TX, 1998). 

4. R.J. McNally, Annu. Rev. Psychol. 54, 229 (2003). 

5. S. Satel, “Returning from Iraq, still fighting Vietnam,” 
N.Y. Times, 5 Mar. 2004, p. A23. 

6. B.C. Frueh et al., Br. J. Psychiatry 186, 467 (2005). 


THE REPORT “THE PSYCHOLOGICAL RISKS OF 
Vietnam for U.S. veterans: a revisit with new 
data and methods” by B. P. Dohrenwend et al. 
(18 Aug., p. 979) and the accompanying 
Perspective “Psychiatric casualties of war” 
by R. J. McNally (18 Aug., p. 923) confirm 
what many in the academic community 
suspect about the epidemiological estimates 
of posttraumatic stress disorder (PTSD) 
generated by the National Vietnam Veterans’ 
Readjustment Study (/): that the estimates 
are unreasonably high and uncorroborated by 
other scientific evidence. Indeed, a less fre- 
quently cited study commissioned by the U.S. 
Centers for Disease Control (CDC) yielded a 
modest estimate of PTSD in veterans (2). 
Looking at the data presented by Dohrenwg 
et al. (Table 1), one might argue that the 
estimates are still high if “impairment 
key criterion in defining disability. 

Missing from the analyses rs n- 
wend ef al. and McNally is the cgitce® that 


PTSD as a construct is not wel ted by 
data reduction techniques su rincipal 
components analysis. Also abs¢®™from the 


linical trials 
chiatric symp- 
hen present, are 
ent; yet, the largest 
treatment ~~, y commissioned by 
the Departm Veterans Affairs (VA) 
revealed smog Pealutary impact on symp- 
ans with PTSD (3). Research on 
he VA disability system sug- 
current treatment and disability 
or PTSD promote disincentives 


discussion was the fact 
with civilians reveal t 
toms secondary to tr: 
quite responsive to, 
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for veterans to work toward functional out- 
comes, while at the same time promoting 
incentives to report psychiatric symptoms 
(4). It may be time for the VA to disassemble 
its current PTSD programs and embrace 
programs that promote rehabilitation and 
functional outcomes rather than disability. 
Our returning veterans deserve the promise 
of a productive future beyond a disability 
paycheck. Such a change will not be polit; 
cally popular, but it will be scientific 
defensible. 

TODD C. 


Blackstone Center for Cognitive and Beha 
169 West Main Street, Hopkinton, MA 0174 
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IN THEIR eer PSYCHOLOGICAL RISKS 
of Vietna .S. veterans: a revisit with 
new da Qdretroas” (18 Aug., p. 979), 
B. P. Gprvens et al. provide startl- 
ing newuata from their re-analysis of the 
Natiogal Vietnam Veterans’ Readjustment 

VVRS), which indicate surpris- 
ttle current impairment in Vietnam 
erans with lifetime or current combat- 
elated posttraumatic stress disorder (PTSD). 
The measure of functioning they used was a 
9-point Likert-scale clinician rating, ranging 
from a high level of functioning, that is, 
“good functioning in all areas” to the lowest 
level, that is, “persistent danger to self or 
others.” The scale is heavily skewed toward 
identifying impairment—all but the highest 
value represent some degree of compro- 
mised functioning—yet very few of the vet- 
erans were rated at the lower end of the scale. 

Among veterans with lifetime (but not 
current) PTSD, over 90% were rated within 
the top three categories of functioning; none 
were rated in any of the four lowest cate- 
gories. As Dohrenwend et al. note, this level 
of functioning was as good as that of the 
“no-PTSD” group. It seems appropriate to 
conclude that veterans who recovered from 


PTSD were functioning approxi at 
levels comparable to the general tion. 


Veterans with current im © ) e time 
of the survey evidenced gr, nctional 
impairment. However, VQ Grone these 
current cases, only a @pall gmority (7.4%) 
were rated in any @, ur lowest cate- 
gories of functioni majority (55.6%) 


experienced only pairment or some 
difficulties in ro tioning. 


Disability. s and payments to the 
Departmen terans Affairs (VA) for 
combat-re 'T'SD, predicated on severe 
funct; rment, have risen dramati- 
cally ymmetrically since 1999 (/) 
T ata suggest that the VA is further 
j in its current review, in consultation 


e Institute of Medicine, of its existing 
bility policies and procedures. 
B. CHRISTOPHER FRUEH 


epartment of Psychology, University of Hawai'i at Hilo, 
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Response 

ACCORDING TO DOHRENWEND £7 AL.'S 
reanalysis, the National Vietnam Veterans’ 
Readjustment Study (NVVRS) (/) overesti- 
mated the prevalence of posttraumatic stress 
disorder (PTSD) by 40%, thereby confirming 
the central claim of its critics. Moreover, con- 
trary to what Kilpatrick states, Dohrenwend et 
al. did not use “extremely conservative criteria 
to determine PTSD status.” Instead, they 
accepted a case as PTSD-positive if the vet- 
eran received a score from one through seven 
on the nine-point Global Assessment of 
Functioning (GAF) scale. Nine is the highest 
possible level of functioning, whereas one is 
the lowest. The typical (apparent) PTSD case 
received a GAF score of seven, defined as 
“[s]ome difficulty in social, occupational, or 
school functioning, but generally functioning 
pretty well, has some meaningful interper- 
sonal relationships OR some mild symptoms 
(e.g., depressed mood and mild insomnia, 
occasional truancy, or theft within the house- 
hold)” [(2), p. 2]. Clearly, a seven does not 
indicate clinically significant impairment, as 
noted by Buckley. Had they been slightly more 
stringent (i.e., GAF rating from one through 
six), the prevalence would have dropped by 
65%, not 40%. Thus, the estimate for current 
(late 1980s) prevalence would have been 
5.4%—-substantially lower than either Dohren- 
wend et al.’s estimate of 9.1% or the original 
NVVRS estimate of 15.2%. But even this 
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figure is more than twice as high as the 2.2% 
rate reported by the U.S. Centers for Disease 
Control (CDC) (3). The flawed methods of the 
CDC study almost certainly underestimated 
the true prevalence of PTSD, as emphasized 
by Vermetten ef a/. and many other PTSD 
experts (as I mentioned in my Perspective). 
Kilpatrick misunderstands other criticisms 
of the NVVRS. The critics never claimed that 
self-reports of traumatic events could not be 
independently verified; they complained that 
the NVVRS researchers had not verified 
them. Moreover, the critics never claimed that 
only those serving in combat roles could be 
exposed to PTSD-inducing danger. Rather, 
the critics were puzzled how 53.4% of male 
veterans could develop either partial or full- 
blown PTSD when only between 12.5% (4) 
and 15% (5) had served in direct combat roles 
(e.g., infantry rifleman) and when the vast 
majority of individuals exposed to traumatic 
events, including combat (6), do not de- 
velop PTSD (7). As everyone, including 
me (8), acknowledges, those serving in other 
capacities sometimes got in harm’s way. 
Nevertheless, as the dose-response effect 
implies, combat infantrymen were more at 
risk than supply clerks working at airbases. 
To corroborate reports of trauma exposure, 
Dohrenwend et al. used a range of indicators, 
most of which were obtainable from veterans’ 
DD-201 personnel files. When the DD-201 
was ambiguous, they consulted additional 
archival sources. Using the DD-201 files, 
Frueh et al. (9) corroborated the trauma 
reports of only 41% of 100 men recently seek- 
ing treatment for PTSD. Although Vermetten 
et al. question the adequacy of military 
records, Dohrenwend et al. found the DD-201 
to be a very useful corroborative source. It 
is unclear whether further archival inquiry 
would have increased the number of gr 
roborated cases in Frueh et al.’s study. 
et al. found that many uncorroborated 
reported events seemingly inconsiste 
their DD-201 file (e.g., uncorrob 
reported exposure to battlefield 
twice the rate of corroborated cage 
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Finally, Kilpatrick says that I mischaracter- 
ized his views as expressed in his essay enti- 
tled “Our Common Bonds” (/0). Likening 
our field to a “family” that often quarrels, 
Kilpatrick surmises that trauma victims, 
whose welfare constitutes our common bond, 
“would rather see us work together than to 
squabble and bicker.” And despite his men- 
tioning the importance of critique in science, 
he contradicts himself in his take-home 
message: “In my view, our field would do well 
to focus more on our common bonds and less 
on our differences.” But if we downplay our 
differences, muffle our dissent, or curb our 
critique, studies like Dohrenwend et ail.’s 
might never get launched. 

RICHARD J. MCNALLY 


Department of Psychology, Harvard University, Cambridge, 
MA 02138, USA. E-mail: rim@wjh.harvard.edu 
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PERSPECTIVE ON OUR REPORT, 
nominated as our “most news- 
” finding the discrepancy between 
-f somewhat lower rates of posttraumatic 
tress disorder (PTSD) and the original Nat- 
ional Vietnam Veterans’ Readjustment Study 
(NVVRS) rates (7). Buckley commends us 
for findings that he suggests indicate that the 
NVVRS estimates “are unreasonably high 
and uncorroborated by other scientific evi- 
dence.” This choice of emphasis is highly 
selective and ignores considerations that are 
more important than our differences with the 
original NVVRS rates. 

First, the discrepancies are attributable 
to differences in the definitions of disorder 
rather than to inflationary measurement error 
in the original NVVRS rates. To estimate 
rates of first onsets of war-related PTSD and 
rates of these onsets that were current at fol- 
low-up 10 to 12 years after the war, we used 
diagnostic histories obtained by experienced 
NVVRS clinicians from a subsample of the 
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veterans. By contrast, self-repo tom 
scales were used in the full-sa RS 
measure to provide a less tj suming 
and expensive approxim: of current 


PTSD. This approximegion 
whether or not P 
However, if you ta, 
2.5% current PT 


not serve in V 


not specify 

S war-related. 
NVVRS rate of 

veterans who did 
as an estimate of 
non—combat- current PTSD, double it 
as per the io of lifetime to current 
PTSD (seQ@omM@Table 2 and the original 
@owing this ratio), and sub- 
Iting rates from the original 
9% lifetime and 15.2% current 
tes, the result is 25.9% lifetime and 
© current war-related PTSD. These 
are very close to our war-related PTSD 
es before adjustments for impairment 


nd documentation of exposure (see our 
Table 2). This correspondence is what you 


would expect if, as was its aim, the NVVRS 
symptom scales were successfully calibrated 
against the subsample diagnoses. 

Second, skepticism about the NVVRS 
rates has been stimulated by a number of 
factors: the discrepancy with much lower 
rates reported in a CDC study (2), a belief that 
only 15% of Vietnam veterans saw combat 
[e.g., (3)], and the related assumption that 
many veterans were either fabricating their 
combat experiences or that the dose-response 
relation between self-reports of exposure and 
PTSD risk was due to recall bias [e.g., (4—6)]. 
We pointed out that the CDC measure grossly 
underreports diagnosable PTSD [(7), 
Appendix E]. We demonstrated that the 
prevalence of combat exposure was much 
higher than 15% in this “war without fronts” 
(8). We found little evidence of fabrication. 
We showed that our record-based measure of 
severity of exposure to war-zone stressors, 
which is independent of veterans’ reports of 
their combat experiences, is positively asso- 
ciated with self-reported exposure and 
with clinical diagnoses of PTSD. The dose- 
response relationship with this record-based 
measure of exposure is strong evidence of the 
validity of war-related PTSD and, we think, 
our most important finding. 

When the NVVRS was conducted, a 
PTSD diagnosis did not require, as it does 
now, the presence of impaired functioning. 
Skeptics speculated that the PTSD symptoms 
measured in the NVVRS might indicate rela- 
tively mild psychological distress rather than 
true disorder [e.g., (9)]. The subsample diag- 
noses included ratings of severity and impair- 
ment useful for addressing this question. 
Frueh interprets our findings on function- 
ing as indicating “surprisingly little current 
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impairment” among veterans with war- 
related PTSD. However, our results in Table | 
are for impairment at time of diagnosis, 10 to 
12 years after the war. As we show, the large 
majority of war-related PTSD involved sub- 
stantial impairment when the disorder was at 
its worst, even for veterans whose onsets had 
remitted (our Report and SOM text). We con- 
cluded that the Vietnam War took a severe 
psychological toll on U.S. veterans. 

An epidemiological study like ours can- 
not speak to the treatment and compensation 
issues raised by Buckley and Frueh. Follow- 
up of the NVVRS sample could, however, 
provide longitudinal information on the nat- 
ural history of this disorder that would be 
invaluable for our understanding of the 
nature of war-related PTSD and the factors 
that reduce its psychological costs. 

BRUCE P. DOHRENWEND,+*? J. BLAKE TURNER,? 
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IN THEIR POLICY FORUM “P ACCEPT- 
ance of evolution” (11 Aug., 765), J. 
Miller, E. Scott, and S. to show that 
Americans are less lik cept evolution 
than citizens of othe rial nations, and 
that US. attitudes ngly tied to funda- 


mentalist reli 1efs. This replicates 
earlier mate, ae hint that American 
views on wvolhigP nay be related to politi- 
cal liberaljgm and conservatism. 

The x of their conjecture can be 
seen i jer surveys. In 1993, 1994, and 
2 eneral Social Surveys asked 
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how true is the statement, “Human beings 
evolved from earlier species of animals.” Of 
3673 American respondents offering an 
opinion, a majority (53%) called the state- 
ment definitely or probably not true (2). 
Respondents also reported their political 
views, ranging from extremely liberal to 
extremely conservative. Political liberals 
were significantly more likely than conser- 
vatives to believe that humans evolved. 

In Fig. S1 (3), the percentage of respon- 
dents believing in human evolution is plot- 
ted simultaneously against political view 
(conservative, moderate, liberal), education 
(high school or less, some college, graduate 
school), and respondent’s religious denomi- 
nation (fundamentalist or not) (2). Belief in 
evolution rises along with political liberal- 
ism, independently of control variables. 
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COMMENT ommon Genetic 
Variant Is A ited with Adult and 
Childhood Si 


Christian | 


David Meyre, Chantal Samson, 
chel Marre, Beatrice Jouret, 

"i harles, Beverley Balkau, 
Philippe Froguel 


4. (Reports, 14 April 2006, p. 279) reported an 
n between the /NS/G2 gene variant rs7566605 
ots 


ity in four sample populations, under a recessive 

odel. We attempted to replicate this result in 10,265 

aucasian individuals, combining family-based, case- 

control, and general population studies, but found no 
support for a major role of this variant in obesity. 


Full text at www.sciencemag.org/cgi/content/full/315/ 
5809/187b 


COMMENT ON “A Common Genetic 
Variant Is Associated with Adult and 
Childhood Obesity” 


Ruth J. F. Loos, Inés Barroso, Stephen O’Rahilly, 
Nicholas ]. Wareham 


Herbert et al. (Reports, 14 April 2006, p. 279) found that 
the rs7566605 genetic variant, located upstream of the 
INSIG2 gene, was consistently associated with increased 
body mass index. However, we found no evidence of associ- 
ation between rs7566605 and body mass index in two large 
ethnically homogeneous population-based cohorts. On the 
contrary, an opposite tendency was observed. 


Full text at www.sciencemag.org/cgi/content/full/315/ 
5809/187c 
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COMMENT ON “A Common ic 
Variant Is Associated with and 


Childhood Obesity” C 


Dieter Rosskopf, Alexa Born 
Christian Rimmbach, i Schwahn, 
Alexander Kayser, Ann 
Grietje Tessmann, | 
Heyo K. Kroemer, 
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exhibit a si 


ot Herbert et al. (Reports, 14 
ozygous carriers of the C allele 
nt near the /NS/G2 gene did not 
increased risk for obesity in a 


large n-B@ed cross-sectional German study. 
A sub ysis, however, revealed that this allele 
signif creased the risk for obesity in already 
ov ic be individuals. 


text at www.sciencemag.org/cgi/content/full/315/ 
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SPONSE TO COMMENTS ON 
“A Common Genetic Variant Is 
Associated with Adult and 
Childhood Obesity” 


Alan Herbert, Norman P. Gerry, 

Matthew B. McQueen, Iris M. Heid, 

Arne Pfeufer, Thomas Illig, H.-Erich Wichmann, 
Thomas Meitinger, David Hunter, Frank B. Hu, 
Graham Colditz, Anke Hinney, Johannes 
Hebebrand, Kerstin Koberwitz, Xiaofeng Zhu, 
Richard Cooper, Kristin Ardlie, Helen Lyon, 
Joel N. Hirschhorn, Nan M. Laird, 

Marc E. Lenburg, Christoph Lange, 

Michael F. Christman 


Identification of genetic variants affecting complex 
traits such as obesity is confounded by many types of 
bias, especially when effect sizes are small. Given our 
findings of a positive association between rs7566605 
and body mass index in four out of five separate sam- 
ples, a false positive finding cannot be ruled out with 
certainty but seems unlikely. Meta-analyses of multiple 
large studies will help refine the estimate of the effects 
of rs7566605 on body mass index. 


Full text at www.sciencemag.org/cgi/content/fulV315/5809/ 
187e 


CORRECTIONS AND CLARIFICATIONS 


Reports: “Relating three-dimensional structures to protein 
networks provides evolutionary insights” by P. M. Kim et al. 
(22 Dec. 2006, p. 1938). In note 32, the funding acknowl- 
edgment should read, “This work was supported by NIH 
grants NO1-HV-28186 and RR19895.” Additionally, on page 
1939, a maximum degree of 14 was reported for the SIN v1; 
this number refers to an earlier version of the SIN (v0.9). The 
SIN v1 as reported in the paper has one node with a degree 
of higher than 14. All versions of the SIN and current statis- 
tics on them are available at http://SIN.gersteinlab.org. 


Special Section: Breakthrough of the Year: “Minute 
manipulations” (22 Dec. 2006, p. 1855). This item in- 
correctly described Piwi-interacting RNAs (piRNAs) as bind- 
ing to Piwi genes, when in fact piRNAs bind to Piwi proteins. 


Perspectives: “The brain's dark energy” by M. E. Raichle 
(24 Nov. 2006, p. 1249). The author's affiliation was 
incorrect. It should be Department of Radiology, Washing- 
ton University School of Medicine, St. Louis, MO 63110, 
USA. E-mail: marc@npg.wustl.edu. 
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HISTORY OF SCIENCE 


Scientia Sinesis 


Thomas S. Mullaney 


hy was Europe the birthplace of 
\ \ | modern science, and not China? 
In A Cultural History of Modern 


Science in China, Benjamin Elman boldly 
revisits this well-trod ground and attempts to 
survey it anew. As he announces in the book’s 
introduction, Elman (professor of East Asian 
history at Princeton University) wishes to repo- 
sition the classically Eurocentric account of 
modern science. He aims to overturn the “fail- 
ure narrative” that is typically invoked when try- 
ing to explain why China did not develop the 
fields of modern physics, chemistry, statistics, 
advanced mathematics, and so forth. 

In this slender monograph, which doubles 
as the abridged version of Elman’s much 
larger On Their Own Terms: Science in China, 
1550-1900 (1), the author mounts an empiri- 
cally rich argument detailing a three-part 
process of transmission, mediation, and incor- 
poration that shaped China’s encounter with 
European science. In each of these three 
stages, a complex interplay of historical and 
cultural factors resulted more often than not in 
a checkered and turbulent transmission of sci- 
entific information from the West to China. 
For Elman, this choppiness partially explains 
the uneven development of modern science in 
China as compared with in Europe. 

Elman’s study focuses on 
two groups, Jesuit advisers 
and Protestant missionaries, 
whom he identifies as the 
primary transmitters of mod- 
ern scientific knowledge from 
Europe to China prior to 
1900. Starting in the early 
1600s, the Jesuits made 
inroads into the imperial 
court by drawing on their 
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These 300 years exposed Chinese 
intellectual circles to many of the key ele- 
ments of Western science. Many of 
the most important theories and princi- 
ples, however, did not make the journey. 
Channels of transmission were frequently 
filtered or obstructed by powerful mediat- 
ing forces, particularly the religious com- 
mitments of the Jesuits and Protestants 
themselves. In deciding which scientific 
theories to convey and how to portray 
them, these representatives of Christianity 
sometimes delayed or prevented many of 
the most critical components of the scien- 


tific revolution from ever reaching Chin: 
As committed Aristotelians, for oan) 
AN 


the Jesuits were remiss when it c 
introducing the principles of N, 
ianism, a factor that delayed Il 
translation of the Principia by, cen- 
tury. Similarly, Protestant gonaries 
were highly selective in@@ir portrayal of 
Darwinism, shaping Clg derstand- 
ing of the theory so th igwould corre- 
spond as much as with their own 
creationist ori@g@iti@P In other cases, the 
Jesuits and Pr, s in China had simply 
lost touch ntemporaneous develop- 
ments takg@yoMce back home, resulting in 
he not-infrequent transmis- 
sion of obsolete or disproved 
theories, which the Chinese 
then mistook for cutting-edge 
Western science. 

In addition to religious medi- 
ations such as these, the passage 
of modern scientific knowledge 
from Europe to China was fur- 
ther filtered and obstructed by 
members of the imperial court. 
Because the Chinese court maintained a de 
facto monopoly on interactions with European 
visitors, any given theory or technology first 
had to appeal to the court’s sense of utility 
before it could be incorporated into the 
larger infrastructure of sanctioned knowledge. 
Consequently, the influx of Western science 
was subject to a continual litmus test of applica- 
bility, a process that favored those imports that 
could expeditiously resolve pressing problems 
of the day. Areas of abstract research, such as 
Leibniz’s mathematical notation, received 
comparatively scant attention, a factor that in 
this case delayed China’s appreciation and 
incorporation of the calculus. 


‘Press, 
2006. 


Setting movable type in the Qianlong Imperial 
Printing Office (late 18th century) (2). 


Cultural sensibilities also played a role. As 
Elman explains, Chinese officials were aller- 
gic to self-satisfied Western claims of scien- 
tific superiority and universality. As a check on 
Western arrogance, sciences such as physics, 
chemistry, and so forth were officially catego- 
rized under the rubric of “Western learning,” 
in much the same way that the Western world 
now diminishes non—Euro-American intel- 
lectual and artistic output by dubbing it 
“Eastern philosophy,” “world music,” “tradi- 
tional Chinese medicine,” and so forth. In later 
years, the imperial court stepped up these 
efforts, commissioning Chinese elites to comb 
through the ancient classics in an attempt to 
prove that all the great theories of Western sci- 
ence were in fact merely derivative corrobora- 
tions of prior Chinese discoveries. 

As a whole, Elman’s study is a tremendous 
achievement, both in its analytical insight and 
empirical depth. Nonetheless, it is not alto- 
gether clear whether Elman succeeds in dis- 
rupting existing historiographic frameworks. 
Even with his rich and nuanced analysis of 
Chinese scholarship, for example, his portrayal 
of China remains rather consistent with the 
classical account of modern science: China 
continues to function as the recipient of 
Western knowledge; the only questions being 
how speedily such knowledge was transmitted, 
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how faithfully it was mediated, and how readily 
it was incorporated. Whereas Elman’s account 
certainly expands the failure narrative to 
include European intermediaries such as the 
Jesuits and the Protestants, it does not funda- 
mentally disrupt this narrative or provide a 
viable counternarrative. This observation is not 
so much a critique of A Cultural History of 
Modern Science as of the limitations of our col- 
lective definition of “modern science” itself— 
which is so firmly and uncritically tied to 
European intellectual output that writing any- 
thing but a Eurocentric history of it is perhaps 
impossible. To recenter the history of modern 
science, it would seem, the very concept would 
have to be redefined along more catholic lines. 


References 

1. B.A. Elman, On Their Own Terms: Science in China, 
1550-1900 (Harvard Univ. Press, Cambridge, MA, 
2005). 

2. This illustration originally appeared in Qinding Wuying 
dian juzhen ban chengshi (Beijing, 1776). 


SOCIOLOGY 

Bringing Down the 
House to Add a (Nice) 
Room 


Saskia Sassen 


a valuable contribution, one that illumi- 
nates various trends either overlooked or 
left unaddressed in the standard scholarship 
about immigration in the United States. 


[= Light’s Deflecting Immigration makes 
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wage immigrants in major cities lead to intol- 
erance of poverty on the part of the receiving 
community. This development of poverty 
intolerance depends crucially on political rea- 
sons; insofar as the receiving community does 
not tolerate misery and degradation beyond a 
certain point, local authorities’ enforcement of 
existing housing and workplace regulations 
begins to reduce the hous- 
ing and work opportunities 
of migrants. This in turn 
leads to outmigration and 
the geographic dispersal of 
migrants to other cities. 
Deflection is what Light 
names the process by which 
supply-driven immigration 
leads to the geographic dis- 
persal of immigrants. A 
very interesting and useful 
category, deflection func- 
tions in multiple ways, most of ny 
wired into the social, civic, eco 1 d 
political fabric of cities. In this en, 
intolerance of the more severe ladvan- 
taged immigrants, police har: of infor- 
mal vendors, and inspection: eting poor 
immigrants in informal Wa are not anom- 
alous or deviant. Theyg@rS@Mstead part of a 
more complex de facilgy that ensures the 
departure of those nts whose access to 
housing and jol@@® s@@usly compromised by 
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Where much of that scholarship sees a lineal 
progression, Light (a sociologist at gh itional effect of raising the chances of rea- 


University of California, Los Angeles) i 
fies a discontinuous process, which he 
ders as a two-stage model: demand 


immigration becomes supply dag e 
incorporates into his model im has 
local policy, that are usuall idered 
exogenous to the miata In so 
doing, Light makes a second cont¥¥pution: he 
shows that once immigr ters the sup- 


ply-driven stage, it ge pected to other, 
secondary destinatio 
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lysis of how worsening 
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onable livelihoods for the immigrants who 
remain. Light estimates that in the 1990s, 1 mil- 
lion immigrants were deflected from Los 
Angeles to lower-traffic destinations where the 
rent-to-wages ratio was more favorable. 

I found less persuasive, and actually rather 
incomprehensible, the somewhat unneces- 
sary combat that Light unleashes on global- 
ization scholars who have addressed the 
question of immigration—a relatively rare, 
albeit growing, minority. Given the small size 
of this group and the recurrent references, I 
felt directly addressed. Light begins this 
attack nicely enough. He posits that a pol- 
icy argument of sequential absorption and 
deflection appears “superficially to support 
the globalization arguments critiqued in 
chapter 1” that demand drives immigration. 
The author then argues that, notwithstanding 
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appearances, the globalization c as it 
wrong. He makes four ian, & | 

To support his argume t has to 
attribute some rather extre guments to 
what he identifies as lopalization view: 
He claims that glob eorists expect 


low-wage immigrant’ move and to stay 
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global economy; one of 
features is a growing stra- 
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ing stratum of low-wage 
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equality. Immigrants have filled 
many of the low-wage jobs. Light 
supposes that globalization theo- 
rists believe that if immigrants 
were to be deflected to another city, 
that would be because those sec- 
ondary destinations were or were 
becoming world cities. Second, Light asserts 
that these theorists posit that these immigrants’ 
only jobs are household jobs for rich profes- 
sionals and that they cannot find employment 
in manufacturing or other such fields. Third, 
Light writes that “the ‘optimist’ globalization 
scenario” posits that immigrants would never 
“exhaust” the gardening, nanny, etc. jobs for 
affluent professionals. Fourth, and as a result 
of the former, immigrants would never push 
cities into poverty intolerance. 

In an example that captures the tone of his 
complaint, Light proclaims, “This indictment 
convicts the globalization theorists of having 
peddled an optimistic and saccharine expecta- 
tion that developed countries could expect 
eternally painless immigration from the Third 
World. They promised a party that would never 
end.” Although I function as exhibit number 
one in this series of statements, I do not recog- 
nize myself in this description. Anyone who 
has read my work knows that I am a critic of 
corporate economic globalization. I have spent 
much effort showing that the development of 
global cities has brought about increased 
inequality and much misery (/) and that poli- 
tics (including at the city level) is part of good 
immigration policy (2). Light could have 
extracted a couple of good insights, even vari- 
ables for analysis, from this globaliza- 
tion research. That would have added to the 
strengths of Deflecting Immigration. 


“We s5! 
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SCIENCE AND LAW 


The Obvious War 


Michael R. Samardzija* 


he war is over what inventions are 
| patentable. Although the particular 
patent at issue claims an adjustable 
pedal assembly, the parties assembling for 
the battle are “high tech”—-semiconduc- 
tor companies, software companies, tele- 
communication companies—versus 
“health care” —pharmaceutical com- 
panies, biotechnology companies, 
universities. Each side has professed 
that its very existence is at stake. 
Under U.S. patent law, an inventor 
may obtain a patent only if the 
U.S. Patent and Trademark Office 
(USPTO) finds, among other things, 
the invention novel (/) and nonobvi- 
ous (2). Both of these terms have 
specific legal meanings, which are 
not necessarily intuitive. An inven- 
tion lacks novelty when each element 
of a patent claim is found in a single 
prior art reference. A prior art refer- 
ence may be, for example, a printed 
publication, an oral disclosure, a 
public use, an offer to sell, or a sale. 
An invention is obvious when the 
elements of a patent claim are found 
in two or more prior art references, 
and “the subject matter as a whole 
would have been obvious at the time 
the invention was made to a person 
having ordinary skill in the art to 
which said subject matter pertains.” (2). 


Teleflex, Inc., to 


Supreme Court 4 
obvious (23). 


Court of Appeals for the Federal Circuit 
(“Federal Circuit”), the appellate body with 
jurisdiction over patent cases, is primarily 
concerned with rooting out obvious inven- 
tions while specifically excluding the use of 
hindsight to improperly reconstruct the 


Gobbledygook! Thi erm used by Justice Antonin Scalia of the U.S. 
e oral arguments at KSR International Co. v. 
ry the current standard for defining an invention as 


from the prior art (4, 5). In this 


In an effort to better explain this general he court has articulated a subsidiary 
standard, the U.S. Supreme Court in Graly. uirement known as “the suggestion test,” 
h 


v. John Deere Co. explained that obvj 
ness depends on (i) the scope and cont 
the prior art; (ii) the differences betw, 


claimed invention and the prior he 
level of skill of the average pragitiS@er in 
the art; and (iv) any relevant s y con- 
siderations, including co success, 
long felt but unsolved needs, an@@e failure 


of others (3). The reaso 
Court decisions was j 
the courts frequent 
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obviousness test, the 


ich requires the judge or jury to deter- 
mine whether the prior art would inexorably 
lead to the claimed invention but to stay 
away from ‘20/20 hindsight” (6, 7). 

The battle is over whether the Federal 
Circuit’s obviousness standard is too lax, 
resulting in the issuance of numerous 
patents of dubious validity (8). The Federal 
Circuit argues that its suggestion test is an 
outgrowth of applying Supreme Court direc- 
tions (7). Opponents assert that the Federal 
Circuit’s test has no basis in any Supreme 
Court case and instead flies in the face of the 
Supreme Court’s obviousness standard (9). 
According to the “high-tech” proponents, 
the USPTO has continually issued patents 
for inventions that are merely incremental 
advances of the prior art, partly as a result of 
this lax standard. For example, through 


The U.S. Supreme Court will soo 
its decision on what makes anj n 
obvious—a decision that will @keW have 


significant effects. @ 
SS 


ed approximately 
ing some aspect of 
ing unit (CPU), which 
10,000 different entities. 


were held b; 
Comme argued that this “patent 
“CS dably contains overlap- 


2002, the USPT 
90,000 patents 
the central p 


sng patents (/0). The compa- 

1es face relentless accusations 
of patent infringement on patents 
that they believe have question- 
able validity. These suits threaten 
their ability to commercialize 
products and can extort unrea- 
sonably large sums of money to 
avoid the high costs of patent 
litigation. For example, in 1991, 
U.S. companies spent over $1 
billion enforcing or defending 
against patent lawsuits, while 
only spending roughly $300 mil- 
lion on R&D expenditures (//). 
Because the high-tech allies are 
constantly defending themselves 
against patent infringement at- 
tacks, they favor increasing the 
patentability threshold—making 
obviousness easier to prove—and 
decreasing patent holders’ ability 
to shut companies down and to 
receive large monetary damages. 

To the parties that I have col- 
lectively called “health care,” the 
patent system has been effective. Aside from 
some issues over the quality of patents 
(12, 13) and the USPTO’s inefficiency at 
issuing patents (/4), the health-care alliance 
believes that the patent system generally 
functions well and that major changes are 
not only unwarranted, but would likely 
devastate the health care of our country. 
They believe that the best way to ensure 
investment in health care and continued 
advancement of medical discoveries is to 
maintain strong patent protection (/5). 
Because the health-care allies must be able 
to enforce their patents, they favor the cur- 
rent patentability threshold and patent 
holders’ ability to strongly enforce their 
patent rights. 

Both sides have advocated their view to 
the U.S. Supreme Court, which now has 
the opportunity to clarify the obviousness 
standard in KSR International Co. v. Tele- 
flex, Inc., currently before them. On 28 
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November 2006, the Court heard argument 
on the specific question of “[w]hether the 
Federal Circuit has erred in holding that a 
claimed invention cannot be held ‘obvious’, 
and thus unpatentable under 35 U.S.C. § 
103(a), in the absence of some proven 
“teaching, suggestion, or motivation” that 
would have led a person of ordinary skill in 
the art to combine the relevant prior art 
teachings in the manner claimed.’” (/6). 
Thus, the distilled issue before the Court is 
whether the Federal Circuit’s suggestion test 
is a valid test to determine obviousness. 

Teleflex and KSR both make and sell an 
adjustable pedal assembly for use with auto- 
mobiles having engines that are controlled 
with an electronic throttle. Teleflex alleged 
that KSR infringed claim 4 of Teleflex’s U.S. 
Patent No. 6,237,565 (the so-called 565 
patent). KSR countered that Teleflex’s claim 
was invalid because it was obvious. At first 
glance, the invention at issue in Teleflex v. 
KSR may seem obvious, as that word is 
commonly used in the English language. 
Adjustable pedals have been used in auto- 
mobiles for over 30 years. Automobile mak- 
ers have used electronic sensors to control 
the engine for more than 10 years. If adjust- 
able pedals are combined with the use of 
electronic sensors, the result is an adjustable 
pedal that uses electronic sensors. The 
district court concluded that such a com- 
bination would have been obvious to one of 
skill in the art, and held that claim 4 was 
invalid (17). 

But on appeal to the Federal Circuit, a 
three-judge panel vacated the district court’s 
decision, and held that the lower court 
“applied an incomplete suggestion test” 
when it found claim 4 obvious (8). Spec- 
ifically, the panel found that the lower court 
should have made “specific findings ... agt 
a suggestion or motivation to attach an 
tronic control to the support bracket o 
[prior art] assembly.” (79). Accordin 
panel, the cited prior art did not ms he 
specific problem that the Telefleg#tn¥@ntors 
were trying to solve (/8). 


While the device cover 565 
patent was invented to provide a Si@pller, less 
complex, and less ex me electronic 
pedal assembly, the rt either was 
directed at solving rent problem, or 
actually suffered he problem (i.e., 
the apparatu lky, complex, and 
an expensive nic pedal assembly). 
According to Or the lower court did 
imghow suffering from the problem 
ould have motivated one 


e art to make the improvement 
art (/8). 
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The Supreme Court has not heard an 
obviousness case since 1976 in Sakraida v. 
Ag Pro, Inc. (20). In Sakraida, the Supreme 
Court held that a combination that only con- 
solidates known elements without changing 
their functions is obvious and thus precluded 
from patentability. Some argue that, under 
the Sakraida rule, the Teleflex patent is 
arguably obvious because it combines known 
elements. The high-tech allies strongly urge 
the Supreme Court to revive the Sakraida 
rule. They argue that combinations of old 
elements should not be permitted unless 
they create some new “synergy” or “func- 
tionality” that was not present in the old 
combination. Some suggest shifting the cur- 
rent burden to the patent applicant to prove 
that her invention is nonobvious, although 
they do not explain how a patent applica 
could meet this proposed burden of proo 

The health-care allies advocate co 
ing the use of the current standard. 
the Sakraida rule, most, if not a 
patents for known compounds 
be found obvious. They argu 
pounds such as Forest’s 
(memantine HCl), approv 2003 for 
the treatment of Alzhei ’s, and ImClone’s 
Erbitux, which had p pS direct- 
ed only to combinatio peutic treatment 
of colorectal care with irinotecan— 
all known dru owed by method-of-use 
claims—wou never had their current 
impact had companies not had the 


benefit of, protection. 
The centers around whether the 
Feder; uit’s test appropriately deals 


oblem of hindsight. In their brief 
upreme Court, a group of 24 law 
rs argued that the Federal Circuit’s 
tion test does not solve the hindsight 
s, because the test is too narrow, in that, 
or an invention to be considered obvious, 
it has to have been specifically described as 
a possibility in the referenced prior art. Yet 
two reviews of the fact patterns in past 
cases conclude that the Federal Circuit’s 
test does not produce erroneous outcomes 
(21, 22). These studies indicate that neither 
the Federal Circuit’s test nor the Supreme 
Court’s test completely resolve the hind- 
sight problem. 

The best solution may be in fact to retain 
the Federal Circuit’s suggestion test along the 
principle of “The devil you know is better 
than the devil you don’t.’ Whichever way the 
case is decided, the Supreme Court will disap- 
point one group of allies, and the effects of its 
decision will be felt by all in the years to come. 
If the Court sides with the health-care 
alliance, although there is no evidence that 
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associated costs of litigation. 
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ECOLOGY 


Dipping into the Rare Biosphere 


Carlos Pedros-Alio 


hen molecular methods were intro- 
\ N / duced into microbial ecology in the 
mid-1980s (/), there were two sur- 
prises: Most DNA sequences found bore no 
resemblance to organisms known from cell 
culture, and the microorganisms that could be 
cultured were almost never found in molecu- 
lar surveys (see the figure). These findings 
indicated that microbial diversity is much 
larger than had been anticipated. It also 
revealed that some bacteria occur at such low 
abundance that molecular techniques cannot 
detect them. In the meantime, marine micro- 
biology has become an extremely active and 
innovative field. For example, two reports in 
this issue, by Markert et al. on page 247 (2) 
and Not ef al. on page 253 (3), demonstrate 
that current molecular techniques can suggest 
geographic distribution and characterize the 
symbiotic relationships that enable organisms 
to survive in extreme habitats. Morever, recent 
advances in sequencing technology are begin- 
ning to open our eyes to the huge dimensions 
of the microbial diversity hidden in nature. 

I will focus on marine bacteria, although 
most arguments may also be valid for other 
microorganisms. The marine environment is 
the largest ecosystem on Earth, and the 
number of rare species of microorganisms is 
potentially enormous. Current estimates of 
the total number of bacterial species range 
from millions (4) to hundreds of millions (5). 
If we consider that a milliliter of seawater may 
contain | million bacterial cells, a very large 
number of species may be represented by gs 


Isolating rare bacteria. The bacterium Leeuwegro 
has been isolated from the Mediterranean Seggans 
oratory. Despite several years of seasonal Res) 
has not been retrieved by molecular "i 


Another special property of t bacte- 
ria is that death is highly u (6). The 
main causes of death for bact re attack by 


viruses that lyse the c@M@ and predation by 
protists, the small het ic eukaryotes 
that feed on bacteria @O other (generally 
smaller) protists. es depend on en- 
counter probal@i@i find their prey, and 


thus if an org S vanishingly rare, it is 
unlikely to t by its specific virus. 


Actively bacteria are known to be 
bigger rving bacteria, and protists 
selecti ey on the largest and most active 
bacteria (6, 9). Rare taxa tend to be starving 


w slowly compared with abundant 

rare taxa tend to be represented by 
cells and will be overlooked by graz- 
. Therefore, the rare taxa will persist in the 
nvironment for a long time. As a result, any 


one cell. Extrapolate this number to th 
ume of the ocean and the diversity bec habitat will have a very large biodiversity, 


unimaginably vast. Because of the en, S 
volume of the oceans, even sp re- 
sented by billions of cells would bggPa: 

An important property of re bio- 
sphere (6, 7) is that one cell of rial taxon 
can become abundant simply by cl8@l replica- 
tion if conditions change come suitable 
for its growth. Contrast pth sexual organ- 
i te becomes too 
in threshold abun- 


small eukaryotes can 
ithout the need for a sex- 


also grow and dg 
ual partner an lot limited by being rare. 


The aut <4 Department of Marine Biology and 


Oceggo Institut de Ciéncies del Mar, CMIMA-CSIC, 
B a 003, Spain. E-mail: cpedros@icm.csic.es 


formed by a few dozen abundant taxa plus a 
large collection of rare taxa that current 
molecular methods cannot retrieve (6). 

How can this biodiversity be explored? 
Pure cultures are the first approach. In princi- 
ple any microorganism, irrespective of its 
abundance, can be retrieved provided the right 
selective conditions are in place. Even though 
many microorganisms cannot be isolated at 
present, recent efforts to develop novel cultur- 
ing techniques show promise for the situation 
to improve in the near future (/0, 11). 

A second approach is the use of polymerase 
chain reaction (PCR) amplification of 16S 
ribosomal RNA genes present in a sample. 
These are then used to construct clone 
libraries. Normally, a set number of clones is 


yella blandensis 
[tured in the lab- 
t the same spot, it 


f rare 
ments? 


How can we explore the “seed 
microbial species in marine e 


\ 
Ae and statistics are 
We estimate the total num- 


different taxa in the 
pry. The most careful at- 
Bw pts with this approach (/2, 
4 have retrieved up to 500 
taxa from marine samples, and 
estimates of the total diversity 
reach 2000 taxa in one library 
(12, 13). We can use molecular 
tricks in PCR to find particular 
microorganisms. For example, 
specific primers for certain 
groups of microorganisms can 
be used in the PCR reaction, or 
anested PCR can be performed 
(14, 15). These will retrieve 
more rare sequences belonging to the target 
group. But this approach will only find the 
target group; it will never discover novel 
sequences. To probe the depths of the rare bio- 
sphere, the only solution is to sequence a mas- 
sive number of clones. Venter ef al. (16), for 
example, took a brute-force shotgun sequenc- 
ing approach to analyze samples from the 
Sargasso Sea. This method does not use PCR, 
thus avoiding biases against rare sequences. 
The drawback is that the clone library contains 
every gene of all the microorganisms present 
in the sample. After sequencing | billion base 
pairs, Venter’s team estimated they had found 
1800 taxa. More powerful, cheaper sequenc- 
ing approaches are on the horizon. Sogin et al. 
(7) have recently used a sequencing-by-syn- 
thesis approach to analyze some deep-water 
samples from the North Atlantic. To avoid hav- 
ing to sequence all genes present, they used 
one PCR step. Although all their sequences 
were relevant for diversity, they were, alas, still 
subject to the PCR bias. In one of their sam- 
ples, the authors found 5266 different taxa, and 
statistical estimates indicated a total richness 
of 18,191 different taxa. 

As these novel sequencing approaches 
are applied to diversity studies and the num- 
ber of sequencing reactions increases to mil- 
lions or hundreds of millions, we can expect 
the discovery of novel sequences to increase 
by at least another order of magnitude. The 
challenge is to retrieve the bigger picture 
behind those sequences. Can we use these 
genes in medicine or biotechnology? What 
do these sequences tell us about biogeo- 
chemical processes in the ocean? What will 
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S polarization of light from super- 


Anal 
no reveal the shape and distribution of 
ter ejected from exploding stars. 


menacing observational challenge, given that 

all extragalactic supernovae remain point-like 

. inthe night sky throughout the critical early 
ds phases of their evolution. Fortunately, geomet- 
ric information is encoded in the polarization 


ASTRONOMY 


A Supernova Riddle 


Douglas C. Leonard 


oughly once per second in the observ- 
able universe, a star explodes and 
nnounces its death with an optical 


display that for weeks rivals the brilliance of 
its parent galaxy. These supernova events are 


gered. There is general agreement that, o 
initiated, the burning front progresses t 
the star for a time as a subsonic defla: 
But at this point in the story, har 
and pitched battles begin, with so 


classified into several types, but among the 
most interesting are those called type Ia super- 
novae (SNe Ia). Astronomers’ love affair with 
these beacons began in earnest about a decade 
ago, when two groups put them to work as dis- 
tance indicators and precisely mapped the 


an enduring deflagration front 
and others insisting on a trangj 
tion to a supersonic detonatioms 
The most recent “aes 
detonation” models a 
Ta: 


better match observe 


properties of supernova light. 
The essential idea is that 
photons become polarized 
when they scatter off of free 
electrons, and hot, young 
supernova atmospheres con- 


recent expansion history of the universe. The events produ these tain an abundance of free 
Before this work, most researchers expected simulations ar nough electrons. Indeed, if we could 
gravity to be slowing the expansion. Instead, (a perennial p or defla- <—_> view such an atmosphere as 
the data revealed a universe expanding at gration mo d have the an extended source rather 
an accelerating rate, a finding heralded by _ proper ejg position and than as an unresolvable 
Science as the Breakthrough of the Year in _ stratific ). The mecha- > point of light, we would 
1998 (7) and one that has since survived nism t iggers the defla- =n expect to measure changes 
intense scrutiny and complementary experi- gration-d€tonation transition | Re v t in both the direction and 
mental checks. Yet for all the fanfare and l@s a mystery, however, <> strength of the polarization 


empirical success, it must be acknowledged 
that we are fundamentally ignorant: We do not 
know how these stars explode. On page 2190 
this issue, Wang et al. (2) identify a sugggstg 


he pure deflagration 
still retains its share of 
aM@ferents. In any event, a com- 
lete comparison of the observ- 


as a function of position in 
the atmosphere. For a spher- 
ical, unresolved source, the 
directional polarization com- 


trend in an impressive set of SN Ia dat able distinctions predicted by P ponents cancel exactly and 
may point the way toward a deeper, - the two scenarios still awaits ) yield zero net polarization. 
standing of these enigmatic cosmi full, three-dimensional radia- le oy Any deviation from perfect 


Despite an embarrassing dea irect tion transport simulations car- 2. = symmetry or roundness of 
observational evidence, the fiy of the ried out at high enough resolu- <> the source in the plane of 
story of SNe Ia is largely co: settled. tion to resolve physical pro- the sky, however, gives rise 
Each future SN Ia begins as a car®@-oxygen —_ cesses at very small scales. Into to a net polarization (see 
white dwarf—the comp pse of alow- _ this fray, Wang ef al. now step, Probing supernova properties. A _ the figure). 


¥s nuclear-burn- 
matter through 
ow from the enve- 


mass star like our Sun 
ing life is over—ac 


some mechanism 
lope of a clos ion star seems most 
al central density is 


likely) until 
achieved and al onuclear runaway is trig- 
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armed with an upstart and 
potentially powerful observa- 
tional tool: the ability to study 
the geometry of the supernova 
ejecta by analyzing the polar- 
ization properties of the light 
coming from the star shortly 
after explosion. 

Are supernovae round? Sim- 
ple to pose, this question belies 


spherical, unresolved supernova 
atmosphere produces zero net 
polarization (top), whereas a non- 
spherical atmosphere does not 
(middle). Clumps of material that 
unevenly block the photosphere’s 
light can also produce a net super- 
nova polarization (bottom), and it 
is this mechanism that is thought to 
be responsible for the majority of 
the observed polarization of SNe la. 
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There are two basic 
causes of supernova polar- 
ization. One is asphericity 
of the electron-scattering 
atmosphere; because elec- 
tron scattering is independ- 
ent of wavelength, it ge- 
nerally produces a uniform 
increase in the overall polari- 
zation level across the spec- 


193 


7 PERSPECTIVES 


194 


trum. In the other mechanism, asymmetry in 
the distribution of material (“clumpy ejecta”’) 
above the electron-scattering photosphere 
unevenly screens the underlying light. Un- 
like global asphericity, this second mecha- 
nism is strongly dependent on wavelength, 
because only those spectral regions corre- 
sponding to line transitions of the chemical 
elements that make up optically thick clumps 
will be polarized. 

From spectropolarimetry gathered on 
seven events, previous work in this young field 
has found SNe Ia to have low overall polariza- 
tions but occasionally strong line polarization 
features (4—7). The emerging picture is thus 
one of a globally spherical photosphere with 
clumpy (or otherwise asymmetrically distrib- 
uted) ejecta overlying it. How can such studies 
shed light on the type Ia flame-propagation 
mystery? The latest models indicate that pure 
deflagrations leave behind lumpier ejecta than 
delayed detonations do (3, 8). 

Spotting trends in SNe Ia data has a long 
tradition of bearing rich fruit. In 1936, Walter 
Baade pointed out that the substantial homo- 
geneity and extraordinary brightness of these 
objects could make them powerful cosmologi- 
cal tools. By the early 1990s, however, it 
became clear that the dispersion in peak intrin- 
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sic luminosity (by more than a factor of 10) 
complicated their use as “standard candles.” 
The fix came in 1993, when Phillips (9) quan- 
tified a trend first noticed by Pskovskii (/0) 
that intrinsically bright SNe Ia rise and decline 
in brightness more slowly than dim ones do. 
Various versions of the “light curve—width” 
relation have since provided the edifice upon 
which the entire SN Ia cosmology enterprise 
has been built, and served as touchstones for 
theoretical models of the explosions. 

It is just such a trend that Wang ef al. now 
identify in spectropolarimetry of 17 SNe Ia: 
Bright events show systematically weaker line 
polarization than dim ones do. This trend is 
consistent with the idea that different SNe Ia 
make the transition from deflagration to deto- 
nation at different times. The sooner it hap- 
pens, the brighter the supernova and the mor 
completely scoured the ejecta will be of. 
clumps left behind by the deflagration 
The agreement between model pre 
and observations strengthens th 
detonation phase. 

Will all debate now end on th 
doubtful. Critics will point o the trend 
identified by Wang et al. specTNglly excludes 
all spectroscopically “pagar” SNe Ia, which 


may constitute 30% or © the total popu- 


ct? It is 


lation (/ 7). Fundamental advances 
from consideration of the differ 
sample, rather than from the sj 
And some are likely to wit 
until full three-dimensi 


ome 
en ina 


| els capable of 
LF atively track- 
ron become avail- 
mysteries still sur- 


wrested fro e, but we are not ready to 
resolve the O: SNe Ia just yet. 
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ANTHROPOLOGY 


The Missing Years for 


Modern Humans 


Ted Goebel 


urrent interpretations of the human 
( fossil record indicate that fully mgd 

ern humans emerged in sub-Sa 
Africa by 195,000 years ago (/). By 3 
years ago, modern humans thrived at g 


ends of Eurasia, from France to 1 th- 
east Asia and even Australia. Ho olo- 
nized these and other drastic fferent 
environments during the inter 160,000 
years is one of the greatest untol ies in the 


history of humankind. T 
226 and 223 of this is 
recent issue of Scien 

the chapters of this 


orts on pages 
3) and one ina 
interpret some of 


To pelea ispersal of modern 
humans, we i @ w when these popula- 
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panded from Africa into Eurasia. For 
past 20 years, many researchers in this 
ield have been under the impression that this 
event could have occurred as early as 100,000 
years ago (5), but new genetic evidence indi- 
cates that the spread out of Africa occurred 
much more recently, closer to 60,000 to 
50,000 years ago (6). 

However, independent corroborating evi- 
dence of this recent-dispersal hypothesis is 
required. Grine et al. (2) provide a first impor- 
tant test through the analysis of the modern 
human skull from Hofmeyer, South Africa. 
This skull was originally discovered in 1952, 
but it came from an eroded context and not an 
archaeological excavation and did not yield 
sufficient collagen for accurate radiocarbon 
dating. Using a combination of other dating 
techniques, Grine et al. show that sediment 
within the skull’s endocranial cavity was 
deposited about 36,000 years ago. 


Fossil, archaelogical, and DNA evidence of three 
separate research teams provide insight into the 
period between the emergence of Homo sapiens 
in Africa and their appearance in Europe. 


Thus, here is the first skull of an adult mod- 
ern human from sub-Saharan Africa that dates 
to the critical period, and one that can speak to 
the relationship of early moderns from Africa 
and Europe. The Hofimeyer skull is morphome- 
trically more similar to modern humans of 
Upper Paleolithic Europe than to recent South 
Africans or Europeans, and it has little in com- 
mon with Neandertals. Thus, 35,000 years ago, 
modern populations of sub-Saharan Africa and 
Europe shared a very recent common ancestor, 
one that likely expanded from east Africa 
60,000 years ago (7) (see the figure). This pop- 
ulation not only spread south into South Africa 
but also east into Eurasia, navigating across the 
Bab el-Mandab Strait of the Red Sea from the 
Horn of Africa to southern Arabia (6). 

Archaeological evidence of the hypothe- 
sized passage across the Red Sea still eludes 
us, but the fossil and archaeological records 
for southeast Asia and Australia indicate that 
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| Early spread of modern humans 
from east African source, 60,000 to 
40,000 years ago 


Later spread of modern humans 
from west Asian source, 45,000 to 
35,000 years ago 


Hypothesized east African source area 
of modern humans, 80,000 to 
60,000 year ago 


Hofmeyer-: 


Human pathways. Reconstructed spread of modern humans during the la@j@le 
et al., Olivieri et al., and Anikovich et al. provide new evidence confirminggiga 


Russia about 45,000 to 40,000 years ago. 


moderns had arrived in these regions by 
50,000 years ago (8). The road east likely fol- 
lowed the south Asian coastal margin, a route 
requiring few modifications in adaptation 
other than those mandated by the initial exo- 
dus from Africa. 

The spread north, however, required 
time for adaptation to cope with colder 
peratures, drier climates, and—most 
lenging of all—Neandertals. Despit 


constraints, genetic records sugg: ets 
of genes, called haplotypes, car, the 
first moderns into northern E xisted 
by 45,000 years ago. Precis ere they 
evolved remains unknown; poss¥@#lities in- 


clude southern Arabia, Ir 
of interior western Asi 
outcome was a serie 
ing migrations ab 


other regions 


western Asia ~ iterranean, temperate 
Europe, Russi ntral Asia. 

The pest igor these migrations is the 
move no Mn into temperate Europe 
by m imans (10, 11), which led to 

Nea tr a after a short period of 
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or /2—15). The other expansions out 
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of westeg presumed by the genetic evi- 

dence well understood. The reports by 

Olivieri €Fal. (4) and Anikovich et al. (3) pro- 
ortant clues about them. 


vige 1 


ri et al. focus on mitochondrial DNA 
for researching modern human disper- 
from western Asia. Their analysis suggests 
at two genetic lineages, the M1 and U6 
haplogroups, originated simultaneously in 
western Asia between 45,000 and 40,000 years 
ago and from there spread with modern 
humans westward into northern Africa. The 
estimated timing of this event should not come 
as a surprise to archaeologists who interpret 
similarities in tool technologies and artifact 
forms as indicators of prehistoric population 
relationships. Through this “technocomplex” 
approach, they for years have theorized a his- 
torical link between the first Upper Paleolithic 
stone blade technologies in the Levant (called 
“Aurignacian” at sites like Ksar Akil, Lebanon) 
and similar blade technologies in northern 
Africa (called “Dabban” at sites like Haua 
Fteah, Libya) (/6). Together the genetic and 
archaeological records indicate that the modern 
humans spread from the Levant into Med- 
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o 
Bcene, and locations of some key early Upper Paleolithic archaeological sites. Grine 
rly modern humans spread from southwestern Asia into northern Africa, Europe, and 


iterranean Africa by 40,000 years ago (/3, 14). 
Another intriguing scene in the emerging 
story of modern humans is being played out 
at the famous Kostenki sites along the Don 
River, Russia, about 500 km south of Moscow. 
There, Anikovich, Sinitsyn, Hoffecker, and 
colleagues have unearthed archaeological evi- 
dence that the Upper Paleolithic—character- 
ized by a series of new technologies and behav- 
iors that are decidedly modern—had begun by 
45,000 years ago. Because of perceived prob- 
lems with the radiocarbon record of this time, 
they use optically stimulated luminescence 
techniques and precise chronostratigraphic 
correlations to define the age of the archaeo- 
logical assemblages in question. The assem- 
blages contain not just stone blades typical of 
the early Upper Paleolithic elsewhere in west- 
ern Eurasia, but also some unique bone and 
ivory tools, perforated shell beads, and a 
carved chunk of ivory that may represent the 
head of an unfinished human figurine. 
Although the early Kostenki assemblages 
are based on blade tools like those in other early 
Upper Paleolithic technocomplexes in Europe, 
this is where the similarities end and differ- 
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ences begin. First, the early Kostenki as- 
semblages lack diagnostic artifacts of the 
Aurignacian, for example, split-based bone 
points, carinated end scrapers, and strangled 
blades. Second, they contain tool forms that are 
rare or absent in the typical Aurignacian, 
including dihedral burins, bifacial knives, and 
perforated fossil ornaments. As Anikovich et 
al. explain, the early Kostenki technocomplex 
is not Aurignacian; nor is it “transitional,” 
reflecting a local shift from the Middle to 
Upper Paleolithic. Instead, it is something 
new and different: a fully developed Upper 
Paleolithic technocomplex with no European 
analog and no obvious root in the local Russian 
Middle Paleolithic. Although only human teeth 
not identifiable to species have been found 
associated with these early Kostenki assem- 
blages, Anikovich ef al. argue that they repre- 
sent a pioneering group of moderns. If this is 
true, then the implications are clear: The first 
moderns to colonize European Russia may not 
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have spread from the Levant via central 
Europe, but instead from interior western Asia 
via the Caucasus Mountains or from further 
east central Asia. This point of origin is consis- 
tent with the prediction by Olivieri et al. that 
modern Europeans developed out of several 
“regional enclaves” in greater western Asia. 

So what we infer is this: Modern humans 
spread out of Africa very late in the Plei- 
stocene—as recently as 60,000 to 50,000 years 
ago. One founding population spread east, 
reaching Australia by 50,000 to 45,000 years 
ago. Another remained in southwestern Asia or 
India, but after ~5000 to 10,000 years, its 
descendant populations dramatically expanded 
their range, colonizing lands as far removed 
from one another as northern Africa, temper- 
ate Europe, and the Russian Plain. They also 
reached southern Siberia by 45,000 years a 
(17) and arctic Siberia by 30,000 years 
(/8), but the retelling of these and other ¢ 
in the missing years of modern huma: 


tion must await new fossil and ar 
discoveries as well as continu: 
pling of the world’s living po; 


gical 
sam- 
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Electron Nematic Phase in 
Transition Metal Oxide 


Eduardo Fradkin, Steven A. Kivelson, Vadim Oganesyan 


ach time we encounter a new quantum 
EK state of matter, we learn more about the 

possible behavior of condensed matter 
systems. On page 214 of this issue, Borzi et al. 
(/) report their observation of an unusual 
metallic phase in ultrapure strontium ruthen- 
ate (Sr,Ru,O,). Discovery of this state, known 
as a nematic phase, confirms earlier theoreti- 
cal predictions and shows that electrons 


assemble into some very exotic a. 


Sr,Ru,O, is a layered crystal with “t 


onal” symmetry, which means that it | 
same when rotated by 90°. Conse@igg he 


electrical resistance should be the the 


x or y direction (if z is the rotati . Borzi 
et al. found that, for a limite of mag- 
netic fields and for temperatures Ww a crit- 


ical temperature, this s 
neously broken. That i 
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the defining features of 
for instance, although water 


phases of 
is a ig quid, when cooled below its 


breaking is 


freezing temperature, it forms ice crystals 
with facets and even snowflakes with all sorts 
of,beagtiful spatial structures, which reflect 
cS hat at a molecular level, the atoms 

gontaneously arranged themselves into 
avrystalline lattice. The symmetry breaking 
Observed by Borzi et al. confirms the exis- 
tence of the nematic phase. 

In the conventional description of metals, 
the strongly interacting conduction electrons 
can be accurately represented as a gas of 
weakly interacting electron-like excitations, 
referred to as “quasiparticles.” This descrip- 
tion, known as Fermi liquid theory, works for 
many metallic systems. Under the right condi- 
tions, a Fermi liquid will transform into a low- 
temperature superconductor (in accord with 
the Bardeen-Cooper-Schrieffer theory) or, in 
some cases, into a charge- or spin-density 
wave. However, over the past two decades, 
new types of metallic materials with strongly 
correlated electrons have been discovered that 
do not fit this standard description. The list 
now includes the superconducting copper 
oxides, the colossal magnetoresistive man- 


Materials in which electrons interact strongly 
can exhibit unusual properties. Electrons have 
now been observed to assemble into a pattern 
like that seen in liquid crystals. 


ganites, and many other materials. Although 
Fermi liquid theory can account for some 
properties of these highly correlated materi- 
als, for broad ranges of temperature and 
composition this description fails utterly. 
Moreover, because of the strong interactions, 
a far broader spectrum of broken-symmetry 
phases might be possible. Indeed, several new 
quantum phases of matter have been discov- 
ered in the past 20 years, including “d-wave” 
superconductivity in the high-temperature 
superconductors and time-reversal symme- 
try-breaking superconductivity in Sr,RuO, 
(a close relative of Sr,Ru,O,) (2). The nematic 
metallic phase of Sr,Ru,O, discovered by 
Borzi et al. expands the list of new phases. 
Fermi liquid behavior occurs where the 
Fermi energy (the quantum kinetic energy) of 
the electron fluid dominates the particle 
dynamics. In contrast, where the Coulomb 
interactions are dominant, electrons are known 
to form an insulating electron crystal. The 
electron fluids in strongly correlated metals lie 
in an intermediate range where neither of these 
energies is dominant. An analogy can be made 
with complex classical fluids, as shown in the 
top panel of the figure. There is generally a gas 
phase at high temperatures, where entropy 
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dominates, and a crystalline solid phase at low 
temperatures, where interaction energies dom- 
inate. Sometimes this is all there is; the solid 
sublimes at a critical temperature and there are 
no intermediate highly correlated classical 
fluid phases. However, in many cases there is 
an intermediate liquid phase in which interac- 
tions and entropic considerations must be 
treated on an equal footing. In some cases, 
there are additional “liquid crystalline” phases 
(e.g., nematic and smectic) that can flow like a 
liquid but exhibit patterns of broken symmetry 
that are somewhat like those of a solid. In 
1998, two of us in collaboration with Emery 
(3) argued that strong correlations can induce 
electronic liquid crystal phases. These phases 
are quantum fluid (conducting) states with a 
pattern of spontaneous symmetry breaking 
that is intermediate between those of the sim- 
ple fluid and an electron crystal (see the bot- 
tom panel of the figure). 

The nematic metal is named in analogy 
with a classical uniaxial nematic liquid crys- 
tal. The classical nematic is typically visual- 
ized as a liquid of cigar-shaped molecules in 
which the positions of the molecules fluctuate 
randomly in space but the long axes of the 
molecules are preferentially aligned in one 
direction. It may thus seem strange that a fluid 
of point particles—electrons—can form a 
nematic state. However, one can think of an 
electron nematic as a partially (quantum) 
melted version of an anisotropic electron crys- 
tal. Under appropriate circumstances, corre- 
lated materials exhibit “stripe order” in which 
the electrons form a striped pattern that breaks 
translational symmetry and chooses a pre- 
ferred axis in the crystal. One can imagine a 
nearby phase in which quantum fluctuations 
melt the stripe order but the preferred direc- 
tion of the stripes remains as a memory of the 
proximate ordered phase. In this view, ligl 
fragments of stripes play the role of the q 
shaped molecules of classical nematics. 

The theory of a partially melted c Js 
still being developed. An alternati®, ch 


to the metallic nematic phase c the 
effect of increasingly strong i ions in 
Fermi liquids. It has long be n that a 
Fermi liquid becomes thermo mically 


unstable if certain interac e sufficiently 
strongly attractive. It w, n (4, 5) that in 
some cases, rotation J iance is sponta- 
neously broken wh; lation symmetry is 


ork, which focused 


preserved. ~ 
on the vison ey of the lattice, showed 


that this is an I fematic phase with a quan- 
tum phasg@transition, usually first order, 
between ases with different Fermi sur- 
face,to ies (6, 7), while the thermal tran- 


ins second order. Nevertheless, it 
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Electron ordering. (Top) Schematic phase dia 
of a classical complex fluid. The physical par, 
along the horizontal axis could be pressure, 
sition, or the like. (Bottom) Schemati 
gram of the electron fluid in a stron 
metal. The quantity along the horizo 
ures the strength of the interacti 
Fermi energy; it could be, for exa 
the electron density or the str 
phonon coupling. Althoug e phase names 
are used, in the case of cl@sica! Tluids, the relevant 


symmetries are the c s translational and 
rotational symmetrie space, whereas in the 
electronic case, t le symmetries are the dis- 


crete crystal sym, f the host material. 


e inverse of 
the electron- 


was foun t whenever a quantum criti- 
cal poi essible, the Ising nematic has 
the sa -Fermi liquid behavior predicted 


by the coftinuum theory (4). 

entioned by Borzi et al., although the 
etal they discovered is a first, there is 
nt: Quantum Hall nematic phases occur 
‘ow 150 mK in gallium arsenide heterostruc- 
‘ures (9). In contrast to the nematic metal 
discovered by Borzi et al., the quantum Hall 
nematic only occurs in two dimensions, and 
crystal field effects of the host lattice are largely 
negligible. Moreover, in the quantum Hall case, 
the magnetic energy scale (i.e., the cyclo- 
tron energy, 7@,) is dominant, whereas in 
Sr,Ru,O,, the Fermi energy is 10° times as 
large as the cyclotron energy. Highly suggestive 
evidence of a nematic phase has also been 
reported previously by Ando ef al. (10) in 
underdoped samples of the high-temperature 
superconductor YBa,Cu,O,,,. The difficulty is 
that YBa,Cu,O,, is itself orthorhombic, so the 
crystal structure already chooses a preferred 
direction. To infer the existence of an electron 
nematic, Ando et al. argued that the measured 
resistance anisotropy is too large and too 
temperature-dependent to be a consequence 
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merely of the crystalline orthorho@@c® and 
that, moreover, as a function of o oncen- 
tration, y, the anisotropy i ‘@) as the 
orthorhombicity decreases ( 

The observation ngnatic phase in 
Sr,Ru,O, strikingly ares the exis- 
tence of electronic rystal phases in 
s. Why have they 
efore? Disorder has 
t on nematic phases. 
Impurities cal electric fields whose 
gradients Co directly to the nematic 
order . In two dimensions, even 
isorder is sufficient to destroy 
nge nematic order, which ex- 
yy macroscopic anisotropy is seen 
in the cleanest systems. A second 


APs illustrated in the work of Ando 
al., is that there is always a coupling 


etween the electron fluid and the crys- 
talline lattice. If the electron fluid sponta- 
neously chooses a preferred axis, this will 
cause a lattice distortion of similar symme- 
try and, conversely, a lattice orthorhombic- 
ity will always induce anisotropy in the elec- 
tronic properties. It can be difficult to tell 
which is the chicken and which the egg. In 
Sr,Ru,O,, any symmetry-breaking (orthor- 
hombic) lattice distortion is so small that it 
is currently unmeasurable, so the case for an 
electronic nematic is unambiguous. In light 
of the work of Borzi et al., the case made by 
Ando et al. for the existence of a nematic 
phase in the high-temperature superconduc- 
tors is considerably strengthened and, 
more generally, the door is opened for inter- 
preting puzzling data in a variety of other 
strongly correlated materials in terms of 
electronic liquid crystalline phases. 
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A Proteomic Snapshot of 


Life at a Vent 


Charles R. Fisher and Peter Girguis 


communities of animals living around 

deep-sea hydrothermal vents in the eastern 
Pacific. Since then, hundreds of other chemo- 
autotrophic-based communities and animals 
have been discovered. What were once thought 
of as biological oddities are now confirmed to 
be abundant in all the world’s oceans. What the 
sites all have in common is an abundance of 
reduced chemicals (such as sulfide or methane) 
at the sea floor. Many of the sites, including 
mineral-rich hydrothermal vents and the oil- 
and gas-rich hydrocarbon seeps, are increas- 
ingly affected by anthropogenic activities. To 
assess the effects of these activities, we must 
better understand the lifestyles of the crea- 
tures that thrive in this extreme habitat. The 
use of powerful molecular tools, such as the 
approach described by Markert et al. on page 
247 of this issue, will advance our understand- 
ing of the abundant chemoautotrophic sym- 
bioses of the deep sea. 

One of the most prominent members of the 
hydrothermal vent community is the tube- 
worm Riftia pachyptila, a siboglinid poly- 
chaete that has become the unofficial poster 
child for hydrothermal vents. Riftia has no 
mouth, gut, or anus and cannot feed by normal 
means. Instead, Riftia depends on intracellular 
chemoautotrophic symbionts—which fill a 
large internal organ called the trophosome— 
for nutrition. The symbionts are y-proteo- 
bacteria, which are functionally analogougto 
plant chloroplasts in that they gengr, 
organic carbon as a food source for their 
host (using sulfide as an electron do 
oxygen as an electron acceptor). K@, 
standing the biology of Riftia oS 
chemoautotrophic symbioses g 
standing of the biology of t 
However, no chemoautotrophic s 
ever been cultured in a la , and this has 
long hampered our ay to study their 
metabolism. Marker use a proteomic 
approach to exam; tein expression in 
Riftia symbio in new insights into 


I: the late 1970s, scientists discovered rich 


their biochemi metabolism (/). 
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Hydrothermal vents are dynamic and 
potentially dangerous environments. Temp- 
eratures can range from near freezing to more 
than 300°C over centimeters. Within animal 
communities, temperatures can vary over 
more than 40°C within seconds. Hydro- 
thermal vents are also quite ephemeral, with 
local sources of hydrothermal flow often last- 
ing only a few years. Consequently, the habitat 
fluctuates, and vent fauna must balance exp 
sure to the hot and potentially toxic vent fl 
with the need to obtain nutrition either di 
from the fluid or from microbes livin 
fluid. Riftia is supremely adapted 
biotic life style in this environme 
with their highly vascularized gil 
exposed to vent fluid and reulating 
hemoglobins that bind to both en and sul- 
fide reversibly and wig#high affinity and 
capacity (2, 3). This a iftia to take up 
and store large amo f these chemo- 


autotrophic hc 0 seh them through 
its tissues with rs leffects, and provide 


& Sa \ a 


M \ i 7 


The life aquatic. Riftia pachyptila tubeworms at a hydrothermal 
vent field located near 21°N on the East Pacific Rise. 


Survival of a polychaete wormg ep 
sea hydrothermal vent depe complex 
metabolic interactions @ith symbiotic 


bacteria. mS 


its symbionts ountiful supply of both 
(4). In retuy symbionts are extremely 


efficient a ctive, fixing carbon at high 
rates he host’s growth (5). This 
suite ations enables Riftia to be very 
fa: and quite fecund, while reliant on 
it onts for nutrition. 


ese and earlier studies of Riftia focused 


QP esting its major biochemical, physi- 


gical, and ecological attributes, such as 
emoglobin properties, oxygen uptake rates, 
and habitat characteristics. More recent studies 
have grown in both breadth and depth, investi- 
gating the expression of genes, quantifying the 
metabolic interactions between host and sym- 
biont, and describing the ecological dynamics 
of Riftia aggregations. Markert et al. have now 
used the power of genomic analyses coupled 
with high-throughput protein profiling to 
obtain a snapshot of the proteins (or proteome) 
expressed by the Riftia symbiont. Their results 
illustrate the degree to which Riftia symbionts 
are poised for high rates of chemoautotrophic 
carbon fixation powered by sulfide 
oxidation. For example, Markert 
et al. find that 12% of the total 
cytosolic proteome of these sym- 
bionts consists of three proteins 
involved in coupling energy pro- 
duction to sulfide oxidation. This is 
a marked departure from fast- 
growing, free-living heterotrophic 
bacteria that instead expend a con- 
siderable fraction of their energy 
synthesizing amino acids for their 
own cell division and growth (6). 
The prominence of these three pro- 
teins underscores the central role 
of the symbionts: to provide nutri- 
tion to the association by harness- 
ing energy from sulfide. 

The mechanism of inorganic 
carbon uptake and transport by 
the host, and fixation by the 
symbiont, has been the subject of 
much inquiry and debate. The 
first indication that hydrothermal 
vent fauna obtain their nutrition 
from chemoautotrophic sources 
(not from photosynthetically de- 
rived products but from primary 
production powered by hydrogen 
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sulfide) came from analyses of their stable 
carbon (!3C) and nitrogen (!°N) isotope con- 
tents (7, 8). The amount of these isotopes 
detected in dominant fauna (tube worms, 
mussels, and clams) did not reflect normal 
deep-sea carbon and nitrogen. Later studies 
demonstrated the presence of intracellular 
chemoautotrophic symbionts in these ani- 
mals, confirming the nonphotosynthetic 
nutritional source of carbon and nitrogen. 
Mussels and clams had &C values of about 
—30 per mil (%o), in the range that was 
expected for carbon that is derived from 
chemoautotrophic bacteria. However, the 
5'3C value of Riftia was much higher (~ 
—15%o) and consequently more difficult to 
understand. A variety of explanations have 
been put forward to explain these isotope 
values, but none has proven completely satis- 
factory (9-11). 

Markert et al. find high amounts of 
enzymes involved in the reductive tricar- 
boxylic acid cycle in extracts of the Riftia 
symbiont and suggest that this is an important 
pathway of carbon fixation by the symbiont. 
In addition to the implications for more 
energy-efficient carbon fixation, this finding 
may help explain the anomalously high 
carbon isotope values that have puzzled 
researchers for decades. 


Mail to notemart@gmail.com for any further request. 


Far less than 1% of the microbes present in 
nature have been successfully cultured in the 
laboratory. No chemoautotrophic symbiont 
has yet been cultured, and it is possible that 
many never will be. Not only is the milieu ofa 
living host difficult to imitate in vitro, but in 
some cases, the exchange and integration of 
host and symbiont genes may have yielded a 
symbiont more analogous to an organelle than 
to a free-living microbe. In such instances, 
genomic and proteomic approaches provide 
valuable information on the symbiont’s meta- 
bolic capabilities and evolutionary history. 
Quantitative proteomics has the additional 
value of allowing one to use protein expres- 
sion levels as a metric for studying the impor- 
tance of metabolic pathways used by these 
symbiotic microbes in situ. 

Many questions remain about these eni 
matic animals and their rather extreme 
styles. Riftia’s trophosome, which is p 
with billions of bacteria per gram of, 
is intertwined with the animal. 
Considering the rarity of active 
mal vents on the sea floor, and 
bility of larvae finding a 
it is likely that a high per 
nutritional input se. Oa goes 
directly to reproductgn Wow is this ac- 


complished and coor d? Furthermore, 
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transmission of the symbionts b gen- 


erations is not direct because o ae are 
aposymbiotic and newly se e worms 
must acquire their a each 
generation from an aregily free-living 
pool. How is the nae: of the free- 
living stage differe hat of the symbi- 
otic stage? Once c ith a host is made, 
how do the sym’ ontribute to success- 
ful establish the symbiosis? Mole- 
ike that of Markert et al. 


such questions about life 
in this remote and inhos- 
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Amplified Silencing 


David C. Baulcombe 


en years ago, we knew nothing about 
T how double-stranded RNA blocks gene 
expression through the silencinggo 
targeted RNA. We now have a good u 
standing of this process, and current inter 
turning to variations on the basic mec 
Recent studies involving plants an a- 


tode Caenorhabditis elegans c this 
trend, including those reported | sue by 
Pak and Fire on page 241 (/) jen et al 
on page 244 (2). Two other papersS¥ Axtell et 
al. (3) and Ruby et al. ( Iso relevant. 
These studies deal wy amplification 


of silencing-related 


strong, persistent 
“initiator” double- 


with small a 
stranded RNA plification process has 
implications lication of RNA interfer- 
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eee gene expression in biotech- 

and for understanding the effects of 

sWencing RNAs on cell function and organ- 
sm development. 

Specifically, these new studies investigate 
how the target of silencing can spread (or tran- 
sit) within a single strand of RNA. The initia- 
tor of transitivity is a double-stranded RNA 
that is first processed by Dicer, a ribonuclease 
IlI-like enzyme, into short interfering RNA 
(siRNA) or a related type of RNA referred 
to as microRNA (miRNA). These 21- to 25- 
nucleotide single-stranded RNAs are the pri- 
mary silencing RNAs in the transitive process. 
A primary silencing RNA binds to a ribonu- 
clease H-—like protein of the Argonaute 
class. The resulting Argonaute ribonucleopro- 
tein can target long RNA molecules by 
Watson-Crick base pairing. The targeted 
RNA then becomes a source of secondary 
siRNAs. Transitivity occurs when the second- 
ary siRNAs correspond to regions adjacent to 


Small RNA molecules that silence gene 
expression are amplified by different 
mechanisms in nematodes and plants. 


the target sites of the primary silencing RNA. 
RNA-directed RNA polymerases (RdRPs) 
produce secondary siRNA, and the new re- 
sults indicate that they catalyze two different 
mechanisms of silencing amplification. One 
mechanism is characterized by Axtell et al. 
(3), who investigated endogenous secondary 
siRNAs in plants. They show that efficient sec- 
ondary siRNA production occurs if a single- 
stranded RNA has two target sites for the 
Argonaute ribonucleoprotein. Optimal sec- 
ondary siRNA production occurs when the 
targeted RNA is cleaved by Argonaute. Cleaved 
RNA then recruits RdRP, which generates 
double-stranded RNA. Dicer then produces 
transitive secondary siRNAs (see the figure). 
Another biogenesis mechanism of second- 
ary siRNAs has, so far, only been described in 
C. elegans. The discovery of this distinct 
mechanism by Sijen e¢ al., Pak and Fire, and 
Ruby ef al. follows from the observation 
that a type of siRNA is underrepresented in 
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£ Unknown endonuclease? 


——G ting 
Secondary siRNAs 
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lM 5’-monophosphate @5'-triphosphate 


Secondary siRNA production in plants and animals. Secondary siRNAs are p 
mediated transcription of RNA that has been targeted by a primary siRNA or miRNA. In C 
an Argonaute protein associated with a primary siRNA targets a long single-stran 
RdRP that synthesizes 22-23 nucleotide secondary siRNAs directly. In plants (ht 
RdRP is optimal when the long single-stranded RNA has two targets for primar 

is shown). The targeted RNA is then converted to long double-stranded R 


siRNAs are generated after cleavage by Dicer. 


sequence databases. This scarceness is be- 
cause these siRNAs have a 5’-triphosphate 
and are thus excluded by the standard meth- 
ods for cloning and sequence analysis. 
These methods are normally specific for 
RNA with a 5’-monophosphate, the hall- 
mark of Dicer cleavage. 

In addition to their 5’-triphosphorylation, 
these siRNAs are distinct from the primgs 
silencing RNAs in that they have a strand 
They predominantly are antisense to the 
of the primary silencing RNA. The se xy 
siRNAs also have the surprising cif tic 
that they are phased relative to eagi? ofr (2, 
4): The first siRNA covers 2 otides 
starting close to the target sit primary 
siRNA, the second siRNA is then adjacent 
22 nucleotides, and so on figure). One 
explaination for these s might be that 


encing RNA. Short 
antisense RN. en synthesized de novo, 
and the prese the 5’-triphosphate in the 
first incorpfrated nucleotide is diagnostic of 
secondai Ronis made by this mechanism. 
Sijege le out primary siRNA as a primer 
in anism because mismatches in its 


% silo 


PLANT 


Target mRNA 


3 


Primary siRNA 


L LETTE TTT TE 
7m © 
"O01, CIT, 
Secondary siRNAs 
by RdRP- 


egans (left), 
and recruits an 
e recruitment of 

or miRNA (only one 
RdRP and secondary 


sequence rel that of a target RNA are 


absent in ndary siRNAs. To explain 
the rath se size (22 or 23 nucleotides) 
of the €icoplary sRNAs, this model requires 
that the automatically terminates RNA 


thegis at a defined site or that the transcrip- 
ucts be cleaved at their 3’ end by an 
ified endonuclease. 

What is the natural role of these transitive 
econdary siRNAs? In plants, they target mes- 
senger RNAs (mRNAs) (3), and it is likely 
that they do the same in C. elegans because 
endogenous siRNAs with 5’-triphosphate 
correspond to the antisense of mRNA coding 
sequences (/). Moreover, Yigit et al. (5) de- 
scribe how secondary siRNAs are bound to a 
specific class of Argonaute proteins and that 
they direct RNA cleavage. It is likely, there- 
fore, that secondary siRNAs regulate gene 
expression in situations where amplification 
of silencing is important. 

A clue to the type of situation in which sec- 
ondary siRNA might be important comes 
from experimental RNA interference in C. 
elegans and transitive transgene silencing in 
plants. In both systems, transitivity and sec- 
ondary siRNA production amplify silencing- 
related RNAs so that silencing persists in the 
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ersist- 

he DNA 
sis of these 
ing ¥ experimental 
s of the natural 

that the endoge- 
uld mediate effects 
in the absence of the 
anded RNA. Perhaps 
ndary siRNAs influence 


absence of the initiator double-str: 
In some instances associated wj 
ence, there are epigenetic e 

or chromatin level (6, 7). One 
observations, and reas 
systems may illustrat, 
mechanisms, it see 
nous secondary si 
of silencing that 
initiator dou, 


processes developmental timing in 
whic of a silencing trigger might 
persi eir initial induction. Consistent 
wi a, secondary siRNAs in the plant 


sis thaliana affect the timing of the 
pmental transition between adult and 
nile growth phases (8). 
In addition to the biological implications of 
e amplification mechanisms, there are two 
technical issues. First, from a biotechnological 
perspective, it would be advantageous if the 
amplification mechanisms could be harnessed 
to enhance silencing in therapeutic or genomic 
applications. The absence of RdRP genes 
in the fly Drosophila melanogaster and 
in mammalian genomes indicates that this 
effect might not be possible in all organisms. 
However, there are recently described siRNA- 
like species in Drosophila (9) with the phased 
and strand-bias characteristics of secondary 
siRNAs in C. elegans. Perhaps there are other 
enzymes in mammals that can substitute for 
the RdRP proteins in an amplification process. 
The second technical point is a cautionary 
message about methods for high-throughput 
sequencing of siRNA populations. Secondary 
siRNAs with 5’-triphosphates are excluded 
from many of the methods associated with this 
technology, and amplified siRNAs would 
be missed. Fortunately, two of the C. elegans 
papers (/, 2) describe methods for cloning and 
sequencing siRNA with 5’-triphosphate. 
We will now see to what extent the existing 
sequence databases will need to be revised to 
account for 5’-triphosphorylated siRNAs. 
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Proteasome-Independent 
Functions of Ubiquitin in 
Endocytosis and Signaling 


Debdyuti Mukhopadhyay and Howard Riezman* 


Ubiquitination is a reversible posttranslational modification of cellular proteins, in which a 
76—amino acid polypeptide, ubiquitin, is primarily attached to the e-amino group of lysines in 
target proteins. Ubiquitination is a major player in regulating a broad host of cellular processes, 
including cell division, differentiation, signal transduction, protein trafficking, and quality 
control. Aberrations in the ubiquitination system are implicated in pathogenesis of some diseases, 
certain malignancies, neurodegenerative disorders, and pathologies of the inflammatory 

immune response. Here, we discuss the proteasome-independent roles of ubiquitination in 


signaling and endocytosis. 


biquitin (Ub) is a highly conserved 
| | protein of 8 kilodaltons that becomes 

covalently attached to lysine (Lys) res- 
idues of target proteins. Protein-attached Ub is a 
substrate for the attachment of further Ub res- 
idues, which leads to the formation of a poly- 
ubiquitin chain. Classically, polyubiquitination 
is a signal that directs proteins to the protea- 
some, where the Ub is recycled and the protein 
is degraded (/). Ubiquitination also remodels 
the surface of substrate proteins and thereby po- 
tentially affects properties such as stability and 
activity (2), drives interactions with other pro- 
teins, and plays roles in subcellular localization. 
Diverse forms of Ub modifications exist: Mono- 
ubiquitination is the attachment of a single Ub to 
a protein; multiubiquitination occurs when sev- 
eral Lys residues of the target protein are tagged 
with single Ub molecules; and polyubiquitina- 
tion denotes the addition of a Ub chain made 
of several ubiquitins that are linked through 
the C-terminal glycine residue of each Ub unit 
and a specific internal Lys of the previoysl 
attached Ub. Monoubiquitination or multi 


quitination has been shown to be required bey 


entry of certain cargo proteins into ves} 

different stages of the secretornge ic 
pathway (Fig. 1) (3), whereas polyubji@ination 
has been mainly associated with re 
degradation, although it certainl roader 
function (4). In the case of po itination, 
there can be at least seven different ages be- 
tween ubiquitins, because e seven inter- 
nal lysines in Ub. The ifferent linkages 
in polyubiquitins has ‘0 be elucidated in 
recent years. Linky gh Lys*® (UbS**) is 
mainly used for to the proteasome, and 


Lys® (Ub*®) J seem to play important 


Biochemistry, University of Geneva, 30 Quai 
H-1211 Geneva, Switzerland. 
spondence should be addressed. E-mail: 
#n@biochem.unige.ch 


www.sciencemag.org SCIENCE VOL 315 


roles in DNA damage tolerance, inflamm: 
response, the endocytic pathway, an = 


somal protein synthesis (4). Ub can e- 
moved from proteins, and different ases 
that regenerate free Ub have been ed and 
implicated in regulation of vario events 
(5-7). Protein modules con’ -binding 


domains (UBDs) have algogbeen 
are being characterized. ' 
many UBDs with div 
which specific Ub 
nized, has helped 
ubiquitination ( 
turally distinct 
specificity of 
of UBDs, f 
tions ar 
Uba 


ctural folds, by 
ons can be recog- 
rstanding the role of 
esence of several struc- 
difications, the exquisite 
c&jugation, and the existence 
h the different Ub modifica- 
fe of being distinguished, make 
ctional signal. 


Ubiquijination as an Endocytic Signal 

e first nonproteasomal functions of 
ation was its implication in the process 
ndocytosis in yeast (9, /0), where mono- 
iquitination is sufficient as an endocytic in- 
ternalization signal (17) and Ub*® branches 
facilitate endocytosis (/2). Many plasma mem- 
brane proteins depend on their ubiquitination for 
internalization in yeast (/3). On the other hand, 
the situation is much less clear in animal cells. 
Early evidence clearly demonstrated a role for the 
process of ubiquitination for internalization of 
growth hormone receptor, but ubiquitination of 
the receptor itself was not required (/4). Studies 
on the transforming growth factor-B (TGF-f) 
receptor suggest that receptor ubiquitination may 
determine the endocytic internalization pathway 
that is used. When the TGF-B receptor associated 
with the Smad7-Smurf2 E3 Ub ligase (/5), it 
localized to caveolae and was rapidly degraded 
after internalization. On the other hand, when 
the TGF-B receptor associated with Smad an- 
chor for receptor activation, it was internalized 
via clathrin-coated pits where signaling proceeds 


from an endosomal compartment 
fore, modulation of the endocyticg 
route by Ub could play a critica deciding 
between signal transduction GC down- 
regulation. 

Receptor ubiquitings1 ifEndocytic inter- 
nalization is most studie' S$ potential role in 
the down-regulation Or mammalian re- 
ceptor tyrosine ki 7, 18), although the 


situation is still ene@rely clear. When epider- 


mal growth fa eptor (EGFR) was stim- 
ulated at | ermal growth factor (EGF) 
concentrati eLa cells, EGFR ubiquitina- 
tion et@ted, and the receptor localized 


with however, at high EGF concen- 

R was ubiquitinated, and the re- 
alized with both caveolae and clathrin. 
ot clear that caveolae were sites of inter- 
ation in this study. Moreover, with the use 
chimeric protein, EGFR-Ub-mut, that could 

ot be extended by polyubiquitination, a single 
Ub was sufficient to drive internalization (/9) in 
a clathrin-independent manner. Three proteins 
with UBDs—Eps15, Eps15R, and epsin—that 
normally localize to clathrin-coated pits were 
required. In another study, epsin, which is con- 
sidered to be an endocytic adaptor between ubiq- 
uitinated cargo and clathrin, was not able to 
interact with ubiquitinated cargo in the presence 
of clathrin (20). These results invoked a work- 
ing hypothesis in which ubiquitination directs 
clathrin-independent endocytosis and where 
epsin and Eps15 might be important for coupling 
ubiquitinated cargo to clathrin-independent inter- 
nalization. However, in porcine aortic endothe- 
lial cells, EGFR is normally polyubiquitinated 
(Ub) before endocytosis on multiple lysines 
in the kinase domain under low EGF conditions, 
which should lead to internalization through 
clathrin-coated pits (Fig. 1). Mutation of the tar- 
get lysines preventing ubiquitination abrogated 
down-regulation but not receptor internaliza- 
tion (2/). Thus, a single Ub can act as an in- 
ternalization signal in animal cells, but receptor 
ubiquitination is probably not required for clathrin- 
mediated internalization of EGFR. 

The idea that a single Ub can act as an au- 
tonomous endocytic signal is difficult to recon- 
cile with the relative low affinity of UBDs (8). 
However, the low-affinity interactions between 
monoubiquitin and UBDs could be physiolog- 
ically relevant in the protein networks formed 
that drive vesicle budding at the plasma mem- 
brane. There are many possibilities for the 
formation of multiple interactions. Most UBD- 
containing proteins have additional modules that 
recognize other proteins or specific phospholip- 
ids. For example, epsins have a domain that 
recognizes phosphoinositides in addition to their 
three UBDs (22). Dual binding to phospho- 
inositides, generated at specific sites on the 
membrane, and Ub should allow epsins to 
stably recognize a monoubiquitin at the plasma 
membrane in the presence of a pool of cytosolic 
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Ub. Another possibility is that many Ub-binding 
proteins have multiple UBDs, and the addition of 
rather low binding affinities can lead to a 
cooperative binding reaction and higher avidity. 
In this case, multiubiquitinated or multimeric 
cargo molecules would probably be a better 
substrate. It is possible that the successful 
demonstration of single ubiquitins working as 
endocytic signals is related to the fact that both 
EGFR and the alpha factor receptor are 
internalized as dimers. Thus, although mono- 
ubiquitination may sometimes be sufficient for 
endocytic internalization, generally productive 
recognition and uptake of ubiquitinated cargoes 
requires stabilization of cargo-adaptor complexes 
through multivalent Ub-UBD interactions. One 
can speculate how Ub*® polyubiquitination 
might be particularly adapted to act as an ef- 
ficient endocytic signal. The extended confor- 
mation of Ub*® chains has a linear topology, 
lining up adjacent Ub chains and making their 
hydrophobic surfaces available for binding, 
which should increase the avidity of binding to 
UBDs (23). The higher avidity can thus promote 
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productive intemalization of Ub“°-conjugated 
proteins. Especially for those receptors that have 
a limited number of cytoplasmic Lys residues 
and thus cannot be multiubiquitinated, Ub<® 
polyubiquitination offers an alternate mechanism. 

Endocytosis of certain membrane proteins 
seems to require polyubiquitination. For exam- 
ple, in the case of the B,-adrenergic receptor 
(B2AR), a mammalian heterotrimeric guanine 
nucleotide—binding protein-coupled receptor, 
agonist stimulation leads to rapid polyubiquiti- 
nation of both the receptor and the receptor 
regulatory protein B-arrestin. It is probably the 
polyubiquitination of B-arrestin that is necessary 
for BAR internalization (24). The yeast protein 
general amino acid permease (Gap1p) requires 
the formation of short Ub“® chains for effi- 
cient internalization in response to changes in 
nitrogen status in the medium (25). Similarly, 
Ub“ polyubiquitination of the nerve growth 


A (TrkA) is required for TrkA internaliza 
and signaling (26). It could be that the ro 


estimated, with Ub“ chains being or- 
tant than previously thought. The e of 
Ub*® chains may also allow se cogni- 


tion by particular UBDs. 


Ub and Sorting into vvttiv ood Bodies 

Ubiquitination also ® sorting signal 
at endosomes targetin Me, strates to the in- 
terior of the ih body (MVB) (27), 
which is the first ing to their transport 
to lysosomes. Th way is used not only in 
plasma memb@peeceptor down-regulation 
but also in e biogenesis (Fig. 1). Most 
proteins thal t ubiquitinated follow other 
pathwg tse proteins are recycled from 
endo other compartments. Mono- 
pe, V5 nm or multiubiquitination is critical 


of membrane proteins to the interior of 


hich is detailed in an excellent review (28). 
Ub on receptors or cargo is recognized by the 


fgfBo 
Itivesicular endosome in a process that 
nds on endosomal sorting complex 
factor (NGF) receptor tyrosine receptor a uired for transport (ESCRT) complexes, 
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before entry into internal vesicles of the MVB. Non-ubiquitinated proteins, such 
as nutrient transporters, recycle from endosomes back to the cell surface. TGN, 
trans-Golgi network; STAM, signal-transducing adaptor molecule. 
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(Vps27) complex through its Ub-interaction 
motif domains, and the complex is anchored 
on endosomes via the Vps27 FYVE domain, 
which binds phosphatidylinositol (PI) 3- 
phosphate (29). The Vps27 complex and ubiq- 
uitinated substrates are then thought to interact 
with ESCRT-I complex, from where the ubiq- 
uitinated cargoes are passed on to ESCRT-II and 
then to ESCRT-III, which is required for the 
concentration of cargoes into the MVB vesicles. 
ESCRT-III also regulates the accessory factors 
Brolp and Doa4p, a Ub hydrolase that removes 
Ub from the cargo before it is sequestered into the 
MVB vesicles. Removal of Ub before receptor in- 
corporation into MVBs is not mandatory because 
Ub that is fused in frame with cargo molecules gets 
sorted into MVBs, but such removal seems to be 


IL-1R 


IKK 


Fig. 2. Activated IL-1 receptor (IL-1R) stimulates TR 
(NEMO). The TAB/TAK1 complex is recruited, formi i 


turn phosphorylates IxB, making it a ca pas 
m 


dation by the proteasome (Fig. 3). NF-«B i 


a 
ent 


required for the maintenance of the fig 

upon which receptor trafficking depe! 

findings point to a regulatory rol leubiq- 
uitination in receptor down-re .¥ because 
depletion of Ub hydrolases b interfer- 
ence caused accelerated deggadatiorf ligand- 
activated receptors (30, 31). rove of MVB 
vesicle budding is sim iosynthetic viral 
budding from the cell , and several com- 


ponents are conserv 
Viruses also 


e Ub-dependent entry 
into MVBs tg@esS@pe immune recognition. 
Down-regulati e major histocompatibility 
complex L@MHC I) by Kaposi’s sarcoma— 
sig gins (KSHV) involves a vi- 
rally e 3 Ub ligase that associates with 
M cules in the late secretory pathway, 
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recruiting host Ub-conjugating enzymes to modify 
MHC class I molecules with Ub*® chains. This 
ubiquitination targets the MHC I molecules for 
degradation through the MVB pathway (33). 


Protein Regulation by Monoubiquitination 

Many of the UBD-containing proteins that in- 
teract with ubiquitinated targets are themselves 
monoubiquitinated, especially the endocytic adap- 
tor proteins (8). Insight into the role of mono- 
ubiquitination has recently been obtained (34). 
Sts] and Sts2 bind through their N-terminal 
UBDs to ubiquitinated EGFR complexes and 
inhibit their endocytosis. Monoubiquitination of 
Sts2 leads to an intramolecular interaction be- 
tween the UBD and its Ub, preventing Sts2 
from interacting with exogenous Ub and EGFR. 


cS ub“ | 
oPPue 
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Phosphorylation 
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Translocates 


(ae) to nucleus 
Oo 


endent Ub‘°? polyubiquitination of IKKy 
losome” that phosphorylates IKK, which in 
polyubiquitination and subsequent degra- 
igrate to the nucleus and induce transcription. 


mRNA 


eee 


This intramolecular inhibitory reaction is func- 
tionally relevant because an Sts2-Ub chimera 
caused a substantial increase in EGFR down- 
regulation. Other endocytic adaptors with UBDs, 
such as Eps15 and hepatocyte growth factor— 
regulated tyrosine kinase substrate (Hrs), showed 
similar intramolecular interactions with their 
monoubiquitin. Only a small fraction of these 
proteins are monoubiquitinated at any one time 
(34, 35), but this would be consistent with a 
regulatory role, where monoubiquitination of the 
UBD-containing proteins could act as a confor- 
mational switch, promoting dissociation from 
their targets. Once dissociated, the proteins could 
be rapidly deubiquitinated and reused. Therefore, 
changes in ubiquitination status could act as 
a rapid switch between active and inactive 


REVI 
forms, permitting the highly dynamic ¢, of 
ubiquitinated cargoes between the joring 
proteins that is required by the e sorting 


machinery. 


Role of Ub in Signalin 
Ubiquitination has b 

signal for directing int 
receptors and their i 
targeting to lyso 


to serve as a 


egradation. However, 
several recepto' smit signals from en- 
docytic comp and these signals might be 
qualitatively, it from those initiated at the 
plasma mer For example, TrkA promotes 
survival at the cell surface, 

ces differentiation when internal- 
MTA is modified by Ub poly- 
u tion upon stimulation with NGF in a 
aaa receptor—dependent manner. 
modification is necessary for TrkA internal- 

ion and TrkA signaling from endosomes 


cause abrogation of ubiquitination prevents 
NGF-mediated differentiation of neuronal cells 


(26). TrkA is multiubiquitinated by Nedd4-2, an 
E3 ligase, in an NGF-dependent manner, which 
is important for down-regulating the levels of 
activated receptor (37). Unexpectedly, this multi- 
ubiquitination did not show any effect on TrkA 
internalization. One can speculate a hierarchy 
of differential ubiquitination, whereby ub 
chains promote internalization while multiubiq- 
uitination regulates receptor degradation. 

Monoubiquitination and endocytosis are pre- 
requisites for activation and signaling of Notch 
receptor, which is a regulator of cell develop- 
ment and cell fate in metazoans (38). Recently, 
it has emerged that the ubiquitination of Notch 
ligands Delta and Serrate (type I membrane 
proteins and ligands of Notch) is necessary for 
their endocytosis in signal-sending cells and 
thus is a key event in activating the Notch cas- 
cade in the signal-receiving cells (39). Presently, 
the mechanism by which endocytosis of Notch 
ligands activates Notch signaling in neighbor- 
ing cells remains elusive. An attractive model 
for the role of ubiquitination in regulating activ- 
ity of the Notch ligands has been proposed. 
Ubiquitination is required for ligand activation 
but also makes the ligand prone to degradation. 
This would prevent the endless recycling of 
activated ligand and thereby limit the temporal 
extent of Notch-pathway activation (39). Thus, 
ubiquitination could couple activation with down- 
regulation, which allows for precise temporal 
control of signaling by limiting the lifetime of 
the activated signaling components. 


Ub, Replication, and Transcription 

Proliferating cell nuclear antigen (PCNA) is a 
replicative processivity factor that undergoes 
two types of Ub modifications. PCNA forms a 
polymerase sliding clamp around DNA, and 
the type of ubiquitination influences DNA- 
polymerase recruitment. Monoubiquitination of 
PCNA seems to shift recruitment from replica- 
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tive to translesion polymerases (40, 47), which 
are error prone, whereas Ub*® modification 
signals error-free DNA repair. The same residue 
in PCNA is also sumoylated, which is involved 
in normal DNA synthesis during S phase (42). 
Modification of PCNA with monoubiquitin 
or Ub“® chains may thus regulate the engage- 
ment of low-fidelity lesion-bypass polymerases 
or high-fidelity replicases to the site of repli- 
cation (43). 

Ubiquitination has come to light as a major 
regulator of the nuclear factor (NF) «B signaling 
pathway. NF-«B transcription factors are acti- 
vated by the proinflammatory cytokines [tumor 
necrosis factor-a (TNF-a) and interleukin- 
18 CL-18)], resulting in degradation of an in- 
hibitor of NF-«B (IkB), which binds to NF-KB 
and retains it in the cytoplasm (Fig. 2). IkB is 
phosphorylated by a kinase [IB kinase (IKK)], 
which has a regulatory subunit called NF-«B 
essential modulator (NEMO). NEMO is modi- 
fied by Ub“ polyubiquitination by the TNF-a 
receptor—associated factor 6 (TRAF6) (44). 
Ub*® on NEMO activates IKK, which phos- 
phorylates IkB, targeting it for polyubiquitina- 
tion and proteasomal degradation (45). This 
action liberates NF-«B. Another kinase that ac- 
tivates IKK is TGF-B—activated kinase (TAK1). 
TAK 1-binding proteins (TAB1, TAB2, and TAB3) 
bind to TRAF6 and TAK1, stimulating its kinase 


© Monoubiquitin 


(bus) Deubiquitinase 


H Nuclear export signal 


So 
© 


| 
Protein 


Transcription factor 
(p53) 

Transcription factor 
(Met4p ) 


Cytoplasm 


A : ‘ 
_> 
c eS 
ein Wier 


‘in modified by long (more than four ubiquitins) U 
rt Ub“® chains can inhibit activity of a transcription factor (Met4p) without leading to its degra- 
uitination activates the transcription factor. A transcription factor (p53) is imported into the nucleus. 
nation leads to its nuclear export, whereas polyubiquitination leads to its degradation (59). 


Mail to notemart@gmail.com for any further request. 


activity, and preferentially bind Ub“°? (46). 
Furthermore, the TRAF6-TAB2-TAK1 com- 
plex interacts with IKK. So, Ub“°? may func- 
tion as part of a scaffold to assemble a TAK1- 
IKK-containing signaling complex (47). When 
NF-«B activation is induced by TNF-a, receptor- 
interacting protein (RIP), which is important 
for receptor complex assembly, undergoes Ub“ 
polyubiquitination. NEMO binds to Ub*%- 
polyubiquitinated RIP and thereby recruits IKK 
to the TNF receptor. This recruitment could 
explain the propagation of signal from the 
activated TNF receptor to the activation of 
IKK and NF-KB. NEMO also stabilizes RIP 
through interaction with its Ub“® chains, and 
thus the binding of NEMO could impair RIP 
interaction with another protein, A20 (48). A20 
inhibits NF-«B signaling by sequentially remov- 
ing Ub*® chains from RIP and targeting it for 
degradation through ligation of Ub“** chains (6). 

In general, it is assumed that Ub‘** pol 
ubiquitin chains act to target modified substr: 
for proteasomal degradation and that 
linkages are used for other functions. H 
for a budding yeast transcription fa! 
Ub“** polyubiquitination represses 
but does not affect Met4p stability, 
Further work on Met4p has sh 
tains a UBD, which 2 


= eone ] 


en Degradation 


p48 


chains is targeted to the proteasome for 


cause multiple Ub“*® linkages are r 
recognition by the proteasome (5 0), 
protection from proteolysis. In 
chains act to switch Met4p to 
but do not lead to Met4p 
deubiquitination of Met4p, in 
ulus, recreates a large & Miive Met4p and 
thus allows a rapid traffQgptional response to 
changing environme 


Ubiquitination 
Ubiquitination 
modificatio: 


ely used posttranslational 
ate cellular processes. Thus, 


aberrations biquitination system lead to 
diseas alfhancies. Enhanced degradation 
of tur essor proteins by the proteasomal 


p a abrogation of degradation of on- 
Cc roteins is the basis of oncogenesis in 


cancers. Several pathogens and viruses 


& evolved mechanisms to subvert the Ub sys- 
for their own ends. For instance, anthrax 


foxin triggers ubiquitination of its receptor to 
facilitate efficient and rapid endocytosis of the 
toxin-receptor complex. Endocytosis of the toxin- 
receptor complex, in turn, is important for toxin 
action, because passage through low-pH endo- 
somal compartments makes the toxin com- 
petent to induce toxicity in cells (52). Yersinia 
produces a virulence factor, YopJ, that acts as a 
deubiquitination enzyme, preventing activation 
of NF-«B (53). On the other hand, 
many viruses encode for E3 Ub 
ligases in order to down-regulate 
proteins of the immune pathway. 
The E3 Ub ligase, named modulator 
of immune recognition 1 of KSHV, 
can mediate ubiquitination of cys- 
teine residues in the MHC class I 
molecule. This form of ubiquitina- 
tion is found to be sufficient for 
endocytosis and degradation of MHC 
I molecules (54). The finding that 
nonlysine residues are also targets of 
ubiquitination extends the number of 
potential substrates to molecules that 
do not contain an accessible Lys or an 
accessible N terminus. Also, transient 
ubiquitination of substrates may occur 
and may be harder to detect than 
other forms of ubiquitination because 
thiol ester bonds of Ub-cysteine are 
more labile than isopeptide bonds of 
Ub-Lys. Thus, the regulatory pro- 


’ cesses rendered by Ub might be more 


complex than previously thought. 
Liddle’s syndrome, which af- 
fects sodium transport, is a disease 
in which ubiquitination clearly plays 
a role in regulating sodium chan- 
nel activity by controlling its down- 
regulation via endocytosis (55). Ub 
is also thought to play a role in neu- 
rodegenerative diseases. Accumulation 
of insoluble proteinaceous deposits 
enriched with Ub and components 
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of the Ub-proteasome system has been reported 
in a broad array of human neurodegenerative 
disorders. Notably in Parkinson’s disease, de- 
fects in ubiquitination are thought to play a cru- 
cial role in generation of the disease state. Parkin, 
a protein implicated in familial Parkinson’s 
disease, is an E3 Ub ligase that contains a Ub- 
like domain that interacts in a regulated manner 
with the UBD of Eps15. This interaction seems 
to negatively affect EGFR endocytosis and down- 
regulation and to promote signaling through PI 3- 
kinase-Akt, because parkin mutant cells show 
increased EGFR down-regulation (56), and this 
could have an effect on progression of the 
disease. Parkin has also been found to synthe- 
size Ub*® polyubiquitin chains on proteins, 
including synphilin-1, and on the modified 
proteins that are found in Lewy-like inclusion 
bodies (57). Considering the suggested neuro- 
protective role of inclusion bodies, it is tempting 
to speculate that Ub“®* modification represents 
a protective route by which unfolded or aggre- 
gated proteins could be diverted away from an 
overloaded proteasomal machinery. 

Ubiquitination may also provide an entry 
point for therapy against previously difficult tar- 
gets. Myc is a critical transcription factor that is 
misregulated in tumors but is a difficult che- 
motherapeutic target because it has no enzymat- 
ic activity. Ub“® is added to Myc by the E3 
ligase HectH9, and the modification is essential 
for tumor proliferation (58). As an enzyme, 
HectH9 should be a more suitable target than 
Myc for chemotherapy. 


Conclusions 


Ub is a chemically complex molecule that offers 
a large surface area to interact with other proteins 
and can form chains with distinct conformations, 
which makes it a very versatile modification. 
These properties of Ub make it an ideal regulator 
of very diverse biological processes. The multi- 
ple steps required for protein ubiquitination, the 
specificity involved, and the process of deubiq- 
uitination make it subject to control at mgm 
levels. We are only at the beginning of un 


standing the wide array of Ub nc 
R 


cellular processes. Protein ubiquitination 
compared to protein phosphorylatig. bi 


y 
Q 
g 
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cases, proteins are specifically, diversely, and re- 
versibly modified. The modifications can direct- 
ly affect activity or conformation but can also act 
as interaction surfaces to recruit other proteins 
containing domains that recognize the specific 
modification. The assemblies then confer func- 
tion to the modification. Understanding the func- 
tions of proteins that recognize ubiquitinated 
substrates will be the key to understanding the 
function of Ub in a particular cellular process. 
Also, because of the similarities between ubiq- 
uitination and phosphorylation, it is likely that 
ubiquitination can positively or negatively affect 
cellular processes, depending on the particular 
substrate and the context. Care should thus be 
taken when comparing experiments performed 
in different contexts. Finally, the fact that many 
proteins that are targets for ubiquitination are 
also phosphorylated increases the complexity of 
regulation that can be achieved. 
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Haploid Females in the Parasitic 
Wasp Nasonia vitripennis 


Leo W. Beukeboom,** Albert Kamping,* Marina Louter,* Laas P. Pijnacker,* 
Vaishali Katju,?+ Patrick M. Ferree,? John H. Werren” 


aplodiploidy, a sex determination mech- 
He occurs in rotifers, nematodes, 

mites, and insects. The order Hymenop- 
tera consists almost entirely of haplodiploid 
species, in which haploid males develop from 
unfertilized eggs and diploid females develop 
from fertilized eggs. In complementary sex de- 
termination (CSD), sex is determined by the 
allelic state of one locus with multiple alleles (/). 
Females are heterozygous, and males receive a 
single chromosome set from their mother. Dip- 
loid males can result under CSD by inbreeding, 
but they are mostly infertile (2). The parasitic 
wasp Nasonia vitripennis Walker does not have 
CSD and inbreeds readily. No cases of haploid 
females among Hymenoptera have been found 
previously. We report that haploid females can 
develop in N. vitripennis. 

We found a Canadian strain in which ~10% 
of unfertilized eggs developed into gynandro- 
morphs, that is, individuals with both male and 
female features. Their frequency was increased 
by both directional selection (~20%) and high 
culturing temperature (~40%). Females differ 
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Fig. 1. Flowc 
Normal diploid 


externally from males in the dark color of 
antennae and legs, large wings, and presence 
of an ovipositor. Gynandromorphs show an 
anterior-posterior gradient of feminization rang- 
ing from individuals with only female antennae 
to individuals with complete female morpholo- 
gy (parthenogenetic females). Tetracycline used 
to remove Wolbachia (and other bacterial 
symbionts) did not affect gynandromorph fr 
quency. 

Ploidy level of gynandromorphs and paf 


nogenetic females was determined in ‘@ 
at 4, 8, 12, and 26 hours of develop in 


brain tissue of 99 4-day-old larvae. oids 
were found, although 40% were ted on 
the basis of emerging contr s. Rare 
diploid cells (<1%) were ob: t frequen- 


cies similar to those of yognal TMploid males. 
Flow cytometric analy Aaya that all gy- 
nandromorphic indivig@faly and parthenoge- 


netic females contai aploid amount of 
DNA (Fig. 1). The ‘Nasonia genome was 


estimated at 51 9Ge Prsisient with previous 
reports (3) an ing that parthenogenetic 
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‘and photographs of ovaries and testes of Nasonia. (A) Normal haploid male. (B) 
e. (C) Gynandromorph with female antennae and wings but male abdomen. (D) 
ic female. Peak P1 corresponds to haploid, P2 to diploid, and P4 to tetraploid cells. Some 
ation is evident in males (P2) and females (P4). PI-A indicates propidium iodide area as 
NA content. Photo inserts in (A) and (C) are testes; for (B) and (D), ovaries and meiosis in 
fars indicate 150 um in testes and ovaries and 40 um in eggs. 


females are haploid and do not ari 
mosome duplication in unfertilizg 
Parthenogenetic females h 
only 2 of 281 females produg 
son and two diapause layyae, ros@Ectively). Nor- 
mal diploid females (n, Me four ovarioles 
on either abdominal s1 ariole number in 
parthenogenetic fem: = 17) varies, averag- 
ing 3.6 (range fror on either side. Diploid 
females carried ge 28.8 + 1.8 SE eggs 
’. 1B), whereas haploid 
(2 + 0.7 SE eggs (Fig. 1D). 
normally in haploid females. 
f arresting in first prophase, as 
ales, mature eggs in haploid fe- 
ie, tently showed five condensed chro- 
I that appeared to have proceeded further 
* meiotic cycle (Fig. 1, B and D), which 
e account for the sterility of haploid females. 
andromorphs with a male abdomen had 
ormal testes (Fig. 1, A and C) and live sperm. 
Previously only a mite species had been re- 
ported to produce haploid females among the 
higher metazoans (4). Parthenogenetic Nasonia 
females have severely reduced fecundity and 
fertility. In contrast, diploid Nasonia males are 
fully fertile and produce diploid sperm mitotical- 
ly, indicating that ploidy is more important for 
female than male germline development. These 
findings argue against female development 
depending on paternally inherited chromosomes, 
but are consistent (along with other data) with a 
maternal imprinting model for Nasonia sex de- 
termination (5). 
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We describe the genome sequence of the protist Trichomonas vaginalis, a sexually trans 
pathogen. Repeats and transposable elements comprise about two-thirds of the ~1 
genome, reflecting a recent massive expansion of genetic material. This expansio 
with the shaping of metabolic pathways that likely transpired through lateral gene 
bacteria, and amplification of specific gene families implicated in pathogene phagocytosis of 
host proteins may exemplify adaptations of the parasite during its ranstoey. rogenital 

environment. The genome sequence predicts previously unknown red hydrogenosome, 


which support a common evolutionary origin of this unusual organelle itochondria. 


richomonas vaginalis is a flagellated (4), the supera e of repeats resulted in a 

protist that causes trichomoniasis, a com- highly fragm quence, preventing investi- 
mon but overlooked sexually trans- gation of falis genome architecture. The 

mitted human infection, with ~170 million cases repeat s also hampered measurement of 
occurring annually worldwide (/). The extracel- genom but we estimate it to be ~160 Mb 


lular parasite resides in the urogenital tract of (4). A cof€’set of ~60,000 protein-coding genes 
both sexes and can cause vaginitis in women __ wgs idgntified (Table 1), endowing 7. vaginalis 


and urethritis and prostatitis in men. Acute 
infections are associated with pelvic inflam- 
matory disease, increased risk of human ]j 
munodeficiency virus 1 (HIV-1) infection, 
adverse pregnancy outcomes. 7: vagina 


member of the parabasilid lineage of mic 
philic eukaryotes that lack miosion aR 
oxisomes but contain unusual organ led 
hydrogenosomes. Although rot es 
ered to be one of the earliest bran aryotic 
lineages, recent analyses leave olutionary 
relationship of parabasalids go otheMmajor eu- 
karyotic groups — In this article, 
we report the draft seq T. vaginalis, the 
first parabasalid genom’ described. 
Genome struct A processing, and 
lateral gene tr e T. vaginalis genome 
sequence, gene; ing whole-genome shot- 
gun methodolo ntains 1.4 million shotgun 
reads assem@led into 17,290 scaffolds at ~7.2x 
coverage t least 65% of the 7 vaginalis 


etitive (table S1). Despite several 
eveloped to improve the assembly 
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f the highest coding capacities among 
tes (table S2). Introns were identified in 
genes, including the ~20 previously docu- 
ented (5). Transfer RNAs (tRNAs) for all 20 
amino acids were found, and ~250 ribosomal 
DNA (rDNA) units were identified on small 
contigs and localized to one of the six 7 vaginalis 
chromosomes (Fig. 1). 
The Inr promoter element was found in ~75% 
of 5’ untranslated region (UTR) sequences (4), 
supporting its central role in gene expression (6). 
Intriguingly, the eukaryotic transcription machin- 
ery of 7? vaginalis appears more metazoan than 
protistan (table S3 to S5). The presence of a 
T. vaginalis Dicer-like gene, two Argonaute 
genes, and 41 transcriptionally active DEAD- 
DEAH-box helicase genes suggests the exis- 
tence of an RNA interference (RNAi) pathway 
(fig. S1). Identification of these components raises 
the possibility of using RNAi technology to ma- 
nipulate 7 vaginalis gene expression. 
During genome annotation, we identified 152 
cases of possible prokaryote-to-eukaryote lateral 


tified outside animals (8); (iii) retrotransposon- 
like; and (iv) unclassified (Table 2). Most of the 
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59 repeats are present in hundreds of copies 
(average copy number ~660) located on small 
(1- to 5-kb) contigs, and each repeat family is 
extraordinarily homogenous, with an average 
polymorphism of ~2.5%. 

The lack of a strong correlation between copy 
number and average pairwise difference between 
copies (fig. S4) suggests that a sudden expansion 
of the repeat families had occurred. To estimate 
the time of expansion, we compared the degree 
of polymorphism among 7° vaginalis repeats to 


Table 1. Summary of the 7. vaginalis genome 
sequence data. Assembly size (bp, base pairs) 
includes all contigs and differs from estimated 
genome size of ~160 Mb (4). The scaffold size is the 
minimum scaffold length, such that more than half 
the genome is contained in scaffolds of at least that 
length. The number of predicted genes may include 
low-complexity repeats or novel transposable 
elements rather than true 7. vaginalis genes, but 
in the absence of decisive evidence these remain in 
the gene set. The number of evidence-supported 
genes includes those with either similarity to a 
known protein (FE < 1 x 10°*°, >25% length of 
protein) or similarity to an expressed sequence tag 
(>95% identity over >90% length of the gene). A 
total of 763 rDNA fragments (258 copies of 28S, 
254 copies of 18S, and 251 copies of 5.85) were 
identified. 
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the divergence between T. vaginalis and its sister 
taxon 7? tenax, a trichomonad of the oral cavity 
(9), for several protein-coding loci (4). Our re- 
sults indicate that repeat family amplification 
occurred after the two species split (table S8). 
Several families have also undergone multiple 
expansions, as implied by bi- or trimodal dis- 
tribution of pairwise distances between copies 
(fig. S5). 7. vaginalis repeat families appear to be 
absent in 7° tenax but are present in geographi- 
cally diverse 7. vaginalis (4), consistent with the 
expansion having occurred after speciation but 
before diversification of 7. vaginalis. 

The large genome size, high repeat copy 
number, low repeat polymorphism, and evidence 
of repeat expansion after T. vaginalis and T. tenax 
diverged suggest that 7) vaginalis has undergone 
a very recent and substantial increase in genome 
size. To determine whether the genome underwent 
any large-scale duplication event(s), we ana- 
lyzed age distributions of gene families wit 
five or fewer members (4). A peak in the 
distribution histogram of pairs of gene far 
was observed (fig. S6), indicating that 
nome underwent a period of incre, 
cation, and possibly one or more 
genome duplication events. 

Metabolism, oxidative stres: 
T. vaginalis uses carbohydra 
gy source via fermentative, metabofsm under aer- 


Festire Value obic and anaerobic con We found the 
aaa parasite to use a variety 0 acids as energy 

. substrates (Fig. 2) (19 ginine dihydrolase 
Size of assembly (bp) 176,441,227 metabolism a major for energy production 
G+C content (%) 32.7 (fig. S7) (ZI). ed a central role for 
No. of scaffolds 17,290 aminotransfer: fe. 2 and table S9) and 
Nso scaffold size (bp) 68,338 glutamate Bre as indicated previously 
Protein-coding genes (12, 13); t ways are likely catabolic but 

No. of predicted genes 59,681 may be ble to allow the parasite to 
No. of evidence-supported genes 25,949 synthes tamate, aspartate, alanine, gluta- 
No. of genes with introns 65 mine, an@®lycine. Genes required for synthesis 
Mean gene length (bp) 928.6 of prolige from arginine (fig. S7) and for threonine 
Gene G+C content (%) 35.5 m (fig. S8) were identified. We also 
Gene density (bp) ; 2956 id a de novo biosynthesis pathway for 
Mean length of intergenic 1165.4 &: he via cysteine synthase, an LGT candidate 
regions (bp) —\ ig. S8) (/4), and genes encoding enzymes in- 


Intergenic G+C content (%) 28 
Non-protein-coding genes 


Predicted tRNA genes 
Predicted 5.85, 185, and 4 
28S rDNA units < 


Fig. 1. Karyotype and fluores- 
cent in situ hybridization (FIS 
analysis of T. vaginalis chro 
somes. (A) Metaphase c 
some squashes of 7. 
reveal six chromosom 
(B) FISH analysis 
rDNA probe sho 


rDNA units loca a single 
chromosome@#C) In contrast, the 
Tvmar1 t able element 
(8) is dj throughout the 
gel 


volved in methionine metabolism, including its 
possible regeneration (fig. S9). 

Earlier studies indicated that de novo lipid 
biosynthesis in 7: vaginalis is confined to the 
major phospholipid phosphatidylethanolamine 


(PE) (/5), whereas other lipids, incl 
lesterol, are likely acquired fro 
sources. We found an absence 


sential enzyme-encoding gene synthesis 
and degradation pathways of (oy 1 lipids (4), 
in contrast to the PE syptheti way, which 
appears complete; hog gs verifi- 
cation of these results isfy! d. 

T. vaginalis is “eye with a primar- 
ily anaerobic life s us requires redox and 
antioxidant syst counter the detrimental 
effects of oxy: es encoding a range of de- 
fense molec h as superoxide dismutases, 
thioredoxin es, peroxiredoxins, and ru- 
reWentified (table S10). 
is demonstrates a broad range of 
ie Os abilities, facilitated by expansion of 
pgfrc transporter families, such as those for 

ind amino acids (table S11). The parasite 
possesses more members of the cation- 
foride cotransporter (CCC) family than any 
ther sequenced eukaryote, likely reflecting 
osmotic changes faced by the parasite in a mucosal 
environment. 

None of the proteins required for glycosyl- 
phosphatidylinositol (GPI)-anchor synthesis 
were identified in the genome sequence, mak- 
ing 7. vaginalis the first eukaryote known to 
lack an apparent GPI-anchor biosynthetic path- 
way. Whether 7) vaginalis has evolved an un- 
usual biosynthetic pathway for synthesis of its 
nonprotein lipid anchors, such as the inositol- 
phosphoceramide of surface lipophosphoglycans 
(16), remains to be determined. 

Massively expanded gene families. Many gene 
families in the 7. vaginalis genome have under- 
gone expansion on a scale unprecedented in uni- 
cellular eukaryotes (Table 3). Such “conservative” 
gene family expansions are likely to improve an 
organism’s adaptation to its environment (/7). 
Notably, the selective expansion of subsets of 
the membrane trafficking machinery, critical 
for secretion of pathogenic proteins, endocyto- 
sis of host proteins, and phagocytosis of bacte- 
ria and host cells (table S12), correlates well 
with the parasite’s active endocytic and phago- 
cytic life-style. 

Massively amplified gene families also occur 
in the parasite’s kinome, which comprises ~880 
genes (SOM text) encoding distinct eukaryotic 
protein kinases (ePKs) and ~40 atypical protein 


Cc 
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kinases, making it one of the largest eukaryotic 
kinomes known. The parasite has heterotri- 
meric guanine nucleotide—binding proteins and 
components of the mitogen-activated protein ki- 
nase (MAPK) pathway, suggesting yeast-like 
signal transduction mechanisms. Unusually, 
the 7 vaginalis kinome contains 124 cytosolic 
tyrosine kinase-—like (TKL) genes, yet completely 
lacks receptor serine/threonine ePKs of the TKL 
family. Inactive kinases were found to make up 
17% of the ZT vaginalis kinome (table $13); these 
may act as substrates and scaffolds for assembly of 
signaling complexes (/8). ePK accessory domains 
are important for regulating signaling pathways, 
but just nine accessory domain types were 
identified in 8% (72/883) of the 7. vaginalis ePKs 
(table S14), whereas ~50% of human ePKs con- 
tain at least 1 of 83 accessory domain types. This 
suggests that regulation of protein kinase function 
and cell signaling in ZT vaginalis is less complex 
than that in higher eukaryotes, a possible expla- 
nation for the abundance of 7: vaginalis ePKs. 

T. vaginalis possesses several unusual cyto- 
skeletal structures: the axostyle, the pelta, and the 
costa (/9). Most actin- and tubulin-related compo- 
nents of the cytoskeleton are present (table S15), 
with the exception of homologs of the actin motor 
myosin. In contrast, homologs of the microtubular 
motors kinesin and dynein are unusually abundant 
(Table 3). Thus, 7° vaginalis intracellular transport 
mechanisms are mediated primarily by kinesin 
and cytoplasmic dynein, as described for Dictyo- 
stelium and filamentous fungi, raising the possi- 
bility that the loss of myosin-driven cytoplasmic 
transport is not uncommon in unicellular eukary- 
otes (20). Whether the structural remodeling of 


ee COp 
arginine NH, 


hydroxy- [18 ] 


12 ruvate 
[1s] Ne 4 ae 
citrulline ° 19) 
carbamoyl ¢ v 
urea 13 phosphate 4-» serine 
wv, 15 . 20 
ornithine putrescine 
5 | \ 0» glycine 
1 1-pyrroline- 21 


5-carboxylate 


[23] . 
NH3 | threonine rine 
proline “NG, 
N s 
NHg, 


a-ketobutyr. 


methanethiol, 
NH3 


HS 
31 
“| 


cyclopropane- 
1-carboxylate 


17 
<— glycerate ——_—_—> 


alanine ey 
aspartate "| 
homocysteine 4 =< NHg 1 
asparagine cos 
NH, 
33 S-adenosyl- 


homocysteine 


7,8-diaminononanoate 


Mail to notemart@gmail.com for any further request. 


amoeboid 7 vaginalis during host colonization 
(see below) is actin-based, as described for other 
eukaryotes, or driven by novel cytoskeletal rear- 
rangements remains an open question. 

We identified homologs of proteins involved 
in DNA damage response and repair, chromatin 
restructuring, and meiosis, the latter a process not 
thought to occur in the parasite (table S16). Of the 
29 core meiotic genes found, several are general 
repair proteins required for meiotic progression in 
other organisms (2/), and eight are meiosis- 
specific proteins. Thus, 7 vaginalis contains either 
recent evolutionary relics of meiotic machinery or 
genes functional in meiotic recombination in an 
as-yet undescribed sexual cycle. 

Molecular mechanisms of pathogenesis. 
T. vaginalis must adhere to host cells to establish 
and maintain an infection. A dense glycocalyx 
composed of lipophosphoglycan (LPG) (Fig. 3) 
and surface proteins has been implicated in 
adherence (22), but little is known about thj 
critical pathogenic process. We identified ge 
encoding enzymes predicted to be require 
LPG synthesis (table $17). Of particul . 
est are the genes required for syntgggi 
unusual nucleotide sugar found in ZY¥ 
LPG, the monosaccharide rhamn: 5c. hich is 
absent in the human host, mak Potential 
drug target. Genes (some of are LGT 
candidates) were identifigdfhat a® involved in 
sialic acid biosynthesis, isgent with the re- 
ported presence of thigfsugar on the parasite 
surface (23). 

We identified ei 
proteins (4) th 


ilies containing ~800 
ent candidate surface 
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Fig. 2. oe of T. vaginalis amino acid metabolism. A complete description of enzymatic reactions 


in 
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highly diverse BspA-like proteins c 
by the Treponema pallidum \eucin 


TpLLR. BspA-like proteins are e on the 
surface of certain pathogenic ba mediate 
cell adherence and aggregati The only 


other eukaryote known to e ie BspA-like 
proteins, the mucosal ig ag host histo- 
lytica (25), contains 9 proteins, one of 


which was recently, ed to the parasite 
surface (26). 


inalis GP63-like proteins, 
ibundant surface proteins of 
Leishmania so the leishmanolysins, which 
contribute t ce and pathogenicity through 
divers 

m st (27). Most T vaginalis GP63- 
li enespossess the domains predicted to be 
r for a catalytically active metallopeptidase, 
| ing a short HEXXH motif (28) (Fig. 3). 
pke trypanosomatid GP63 proteins, which are 
dicted to be GPI-anchored, most 7’ vaginalis 
P63-like proteins have a predicted C-terminal 
transmembrane domain as a putative cell sur- 
face anchor, consistent with the apparent ab- 
sence of GPI-anchor biosynthetic enzymes. 
Other 7: vaginalis protein families share domains 
with Chlamydia polymorphic membrane pro- 
teins, Giardia lamblia variant surface proteins, 
and £. histolytica immunodominant variable 
surface antigens (Fig. 3 and table S18). 

After cytoadherence, the parasite becomes 
amoeboid, increasing cell-to-cell surface contacts 
and forming cytoplasmic projections that interdig- 
itate with target cells (19). We have identified 
genes encoding cytolytic effectors, which may be 
released upon host-parasite contact. 7) vaginalis 
lyses host red blood cells, presumably as a means 
of acquiring lipids and iron and possibly explain- 
ing the exacerbation of symptoms observed during 
menstruation (29). This hemolysis is dependent on 
contact, temperature, pH, and Ca", suggesting the 
involvement of pore-forming proteins (30) that 
insert into the lipid bilayer of target cells, me- 
diating osmotic lysis. Consistent with this, we have 
identified 12 genes (7vSaplip! to TvSaplip12) 
containing saposin-like (SAPLIP) pore-forming 
domains (fig. S10). These domains show a pre- 
dicted six-cysteine pattern and abundant hy- 
drophobic residues in conserved positions while 
displaying high sequence variability (fig. S11). 
The TvSaplips are similar to amoebapore pro- 
teins secreted by E. histolytica and are candidate 
trichopores that mediate a cytolytic effect. 

The degradome. Peptidases perform many 
critical biological processes and are poten- 
tial virulence factors, vaccine candidates, and 
drug targets (3/). T. vaginalis contains an ex- 
panded degradome of more than 400 pepti- 
dases (SOM text), making it one of the most 
complex degradomes described (table S19). 
Of the three families of aspartic peptidases (table 
S20), Z vaginalis contains a single member of 
the HIV-1 retropepsin family that might serve as 
a putative candidate for anti-HIV peptidase in- 
hibitors. Many studies have implicated papain 
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Table 2. Summary of highly repetitive sequences in the genome of 7. vaginalis. The 31 unclassified repeat + Table 3. Large gene families in 7. vagy nly 
families have been collapsed into one group. gene families, or aggregates of g ilies 
mediating a given process, for vga re are 
a Copy Length Cumulative Average more than 30 members and t ve been 
Repeat name Putative identity ae (bp) lenuth (be) pairwise assigned a putative function a@/listed. (See SOM 
F p eng p : ; fos 
difference (%) — text for subfamily organization. small guano- 
Viral sine triphosphatases a the sum of Rab 
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R169a Phage tail fiber prot 903 752 607,929 3.9 Sheeley — slide eet 
R1794 Hypothetical 2243 1037 1,879,762 3.0 drigloligossechath A Frolveacchen jG. AMIE 
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R3a Poxvirus D5 protein 954 2637 1,721,187 4.6 
R9a KilA-N terminal domain 831 663 503,959 3.6 onal unit) Members 
R947a KilA-N terminal domain 518 669 298,778 3.1 
Average (total) 931 1283 (6,038,257) 3.7 fe 
Transposon 
R8 Mariner transposase 982 1304 1,158,473 0.5 fiching,-sittallairase be 
R107 Integrase 384 2246 518,936 0.9 : j . 
R119 Mutator-like profile 282 2954 303,256 11 Sa acer “leh ee ees rane! 
R11b Integrase 1842 981 1,634,764 21 Prien tate eee omanen At 
R128a HNH endonuclease 200 800 131,491 1.5 eaten ie ute sh 
R130a Mutator-like profile 173 1129 137,526 0.7 ane arate : 
R165 Mutator-like profile 365 2410 368,152 1:1 MOP Aippase-dansporter tanily 47 
R178 Integrase 580 2433 636,901 1 ; : ‘ 
R204 (infearake 51 1323 51,185 @ Cysteine peptidase (clan CA, family C1) 48 
R210 Mutator-like profile 75 2127 118,581 5, ry eae ce 
R2375 Endonuclease 566 765 329,717 ©: P-ATPase transporter family 33 
ait MILEGL ase bi tet as 2 Serine peptidase (clan SB, family $8) 33 
lescl MHleg Fase ae bai Felfaget & ze Membrane trafficking: vesicle fusion 31 
R289a Integrase 54 1250 53,67 2.2 
R309b Integrase 56 1601 rey 1.4 
R414a Integrase 37 909 2@7/0 1.4 
R41b Integrase 927 1184 2.5 protists whose mitochondrial proteomes are 
R473 Integrase 19 1124 4 1.3 reduced (e.g., Plasmodium). Because nuclear- 
Integ.a95313 Integrase 68 1301 (023 2.3 encoded hydrogenosomal matrix proteins are 
Average (total) 414 1481 574) 1.8 targeted to the organelle by N-terminal prese- 
Retrotransposon & quences that are proteolytically cleaved upon import 
R1407.RT Reverse transcriptase 6 234 6,833 1.0 (32) similar to mitochondrial precursor pro- 
copia.a38393 Copia-like profile 7 11 16,504 15 teins, we screened the genome for consensus 5- 
Average (total) 6.5 5 (23,337) 4.3 to 20-residue presequences containing ML(S/T/A) 
31 unclassified familie X.1syR (N/F/E/XF), MSLX(__.15)RCN/F/XF), or 
Average (total) 793 31 (24,617,704) 2.6 MLR(S/N)F (28) motifs. A total of 138 genes 
Total all 38,289,872 containing putative presequences were identified, 
Average all 2.5 67% of which are similar to known proteins, pri- 


marily ones involved in energy metabolism 
and electron-transport pathways (fig. S13 and 


oo 


¢ 
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family cysteine peptidases as virulence ft S 
in trichomonads; we identified >40 of the: ‘ 

lighting the diversity of this family emie 
peptidases that contribute to the 20S me 
(ubiquitin C-terminal hydrolases) bundant 
(117 members, ~25% of the de ¥ empha- 
sizing the importance of cytoso tein deg- 
radation in the parasite. 7’ inall¥ has nine 
NlpC/P60-like members (j 20; several of 


which are LGT candida ch play a role in 
bacterial cell wall degr: and the destruction 
of healthy vaginal m4 a, making the vaginal 


other infections. 

We also id many subtilisin-like and 
several rhomb ge serine peptidases, candi- 
dates for Rois T. vaginalis surface pro- 


mucosa more s 


teins. In a@W@ion to the first asparaginase-type 
of thre peptidase found in a protist, 13 
farm etallopeptidases were also identi- 


fied, as well as three cystatin-like proteins, nat- 
ural peptidase inhibitors, which may regulate 
the activity of the abundant papain-like cysteine 
peptidases (table S20). 

The hydrogenosome. Several microaero- 
philic protists and fungi, including trichomonads 
and ciliates, lack typical mitochondria and pos- 
sess double-membrane hydrogenosomes, which 
produce adenosine triphophate (ATP) and mo- 
lecular hydrogen through fermentation of meta- 
bolic intermediates produced in the cytosol. 
Although the origin of these organelles has been 
controversial, most evidence now supports a com- 
mon origin with mitochondria (3). Few genes 
encoding homologs of mitochondrial transporters, 
translocons, and soluble proteins were iden- 
tified in the 7 vaginalis genome (fig. S12), 
suggesting that its hydrogenosome has under- 
gone reductive evolution comparable to other 


table $21). 

The production of molecular hydrogen, the 
hallmark of the hydrogenosome, is catalyzed by 
an unusually diverse group of iron-only [Fe]- 
hydrogenases that possess, in addition to a 
conserved H cluster, four different sets of func- 
tional domains (fig. S14), indicating that hydrogen 
production may be more complex than originally 
proposed. The pathway that generates electrons 
for hydrogen (fig. S12) is composed of many 
proteins encoded by multiple genes (tables S22 
to S24). Our analyses extend the evidence that 
T. vaginalis hydrogenosomes contain the com- 
plete machinery required for mitochondria-like 
intraorganellar FeS cluster formation (33) and 
also reveal the presence of two putative cyto- 
solic auxiliary proteins, indicating that hydro- 
genosomes may be involved in biogenesis of 
cytosolic FeS proteins. Some components of 
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Fig. 3. Structural orga- 
nization of putative T. 
vaginalis surface mole- 


External glycocalyx 
BspA-like ( 7reponema leucine-rich repeats) 


Mail to notemart@gmail.com for any further request. 


T. vaginalis 
cytosol 


: : a NH COOH 
cules involved in host Protlae- ich Repests 163 (658) 
cell adherence and cyto- (PRR) or other repeats 
toxicity (28). Candidate GP63-like 
surface protein families © NHe beak. COOH 53 (77) 
. a ic 
(a to f) are depicted as HExxHxxG other vipaes 
part of the glycocalyx 
(gray shading), known Chlamydia polymorphic membrane protein 
to be composed of LPG Cc NH, COOH 17 (27) 
(g). The number of pro- PRR and/or 
teins with an inferred other repeats 
transmembrane domain Immuno-dominant variable surface antigen 
(red box) is indicated at = NH2 COOH 8 (15) 
right, with the size of the PA14 Brith ves 
entire family shown in Legume-like lectin domain 
parentheses. Substantial @ yy, COOH 44 (11) 
length variation exists 
between and within Variant surface proteins/Furin-like domain 
families (proteins are 
not drawn to scale). Ad-  NHe COOH 5 (5) 
ditional information can FRR and oer repeats 
be found in table $18. Lipophosphoglycans 
g 


Cap 


FeS cluster assembly machinery have also been 
found in mitosomes (mitochondrial remnants) 
of G. lamblia, supporting a common evolution- 
ary origin of mitochondria, hydrogenosomes, 
and mitosomes (3). 

A new predicted function of hydrogeno- 
somes revealed by the genome sequence is 
amino acid metabolism. We identified two com- 
ponents of the glycine-cleavage complex (GCV), 
L protein and H protein. Another component of 
this pathway is serine hydroxymethy] transfer- 
ase (SHMT), which in eukaryotes exists as 
both cytosolic and mitochondrial isoforms. A 
single gene coding for SHMT of the mitochon- 
drial type with a putative N-terminal hydro- 
genosomal presequence was identified. Because 
both GCV and SHMT require folate (fig. 
which 7: vaginalis apparently lacks, the 
tionality of these proteins remains unclear. 

The 5-nitroimidazole drugs metron; 
(Mz) and tinidazole are the only appypy 
for treatment of trichomoniasis. The 
are converted within the hydrogeno 
nitroradicals via reduction by f 
(fig. S12). Clinical resistance to 
timated at 2.5 to 5% of repo 
(34) and is associated wit 
of Fdx (35). We identifi 

gnals (tables S21 


hydrogenosomal targ: 
and $25), the “@ of which provides 
explanations fo requency of Mz* and 


for why knockg@oN> single Fdx gene does not 
lead to Mz® (3 analyses also provide clues 
to the potegial mechanisms that clinically re- 


(Fdx) 
z’) is es- 
caseSand rising 
ases in or loss 
Fdx genes with 


€ 


sistant par. may use, such as the presence of 
nitrore NimA-like), reduced nicotinamide 
ad ‘cleotide phosphate (NADPH)-— 
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Phosphoglycans 


Glycan core 


upicancn Dy 
Plasma momo 


nitroreductase, and NADH-fla loreductase 
genes (tables S23 and have been 


S26, wh 
implicated in MZ® in bac OZ): 
Summary and conc\@ding remarks. Our in- 
vestigation of the T y genome sequence 


provides a new per for studying the bi- 
ology of an orga! tit continues to be ignored 
despite the high number 


of trichomon ses worldwide. The discov- 
ery of prev own metabolic pathways, 
the elucj f pathogenic mechanisms, and 
the ide ion of candidate surface proteins 


likely invOfved in facilitating invasion of human 

mycosal surfaces provide potential leads for the 
rt of new therapies and novel methods 

osis. 

ie analysis presented here of one of the most 


petitive genomes known has undoubtedly been 


S ry 
L, » hampered by the sheer number of highly similar 


repeats and transposable elements. Why did this 
genome expand so dramatically in size? We 
hypothesize that the most recent common an- 
cestor of 7. vaginalis underwent a population 
bottleneck during its transition from an enteric 
environment (the habitat of most trichomonads) 
to the urogenital tract. During this time, the de- 
creased effectiveness of selection resulted in 
repeat accumulation and differential gene fam- 
ily expansion. Genome size and cell volume are 
positively correlated (38, 39); hence, the increased 
genome size of 7) vaginalis achieved through 
rapid fixation of repeat copies could have ul- 
timately resulted in a larger cell size. 7. vaginalis 
cell volume is greater than that of 7) tenax and 
related intestinal species Pentratrichomonas hom- 
inis (40) and T. gallinae (41), and it generally 
conforms to the relationship of genome size to 


S 
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cell volume reported for protists (4/). lis 
is also a highly predatory parasite ago- 
cytoses bacteria, vaginal epithelia! d host 

yy macro- 


erythrocytes (42) and is itself in 

phages. Given these ines 1s tempting 
to speculate that an increage in cO@M@Ize could have 
been selected for in alg Rag the parasite’s 
phagocytosis of bacteria. ce its own phago- 


cytosis by host cis pre the surface 


inal mucosa. 


area for colonizati 
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Tables S1 to $26 


Spectropolarimetric Diagnostics of 


Thermonuclear Supernova Explosio 


Lifan Wang,"** Dietrich Baade,? Ferdinando Patat? 


Even at extragalactic distances, the shape of supernova ejecta can be effectively dia 
spectropolarimetry. We present results for 17 type la supernovae that allow a statistic 
correlation among the geometric structures and other observable parameters of ty 
These observations suggest that type la supernova ejecta typically consist of as 
iron-rich core and an outer layer with chemical asymmetries. The degree o, 
asphericity is correlated with the light-curve decline rate of type la supern 


ng 


of the 
pernovae. 
, central, 
is peripheral 
ese results lend 


strong support to delayed-detonation models of type la supernovae. 


ifferent supernova (SN) explosion mech- 
D anisms may lead to differently structured 

ejecta. Type Ia supernovae (SNe) have 
been used as premier tools for precision cosmol- 
ogy. They occur when a carbon and oxygen 
white dwarf reaches the Chandrasekhar stability 
limit, probably because of mass accretion in a 
binary system, and is disrupted in a thermonu- 


triggered and how it propagates through jth 


ehind by deflagration, 
or unburned elements 
elements, and erases the 
structures generated by def- 


further into 
chemically, 


lagratio 
The@olg§ized emission from a supernova is 
caused by*tlectron scattering in its ejecta. It is 


ve to the geometric structure of the ejecta 


ue lectron scattering in an asymmetric ejecta 
Id produce nonzero degrees of polarization 


8). In continuum light, normal SNe Ia are only 
polarized up to about 0.3%, but polarization as 


high as 2% is found across some spectral lines 
(9-14). The polarization decreases with time and 
vanishes around 2 weeks past optical maximum. 
The low level of continuum polarization implies 
that the SN Ia photospheres are, in general, almost 
spherical. The decrease of polarization at later 
times suggests that the outermost zones of the 
ejecta are more aspherical than the inner zones. 
Similarly, the large polarization across certain 
spectral lines implies that the layers above the 
photosphere are highly aspheric and most likely 
chemically clumpy (/2—/5). 

In this study, we report polarimetry of 17 SNe 
Ia. These are all the SNe Ia for which we have 
premaximum polarimetry. The observations 
(Table 1) were collected with the 2.1-m Otto 
Struve Telescope of the McDonald Observatory of 
the University of Texas and with one of the 8.2-m 


dicates McDonald Observatory), intrinsic degree of polarization across the Si II 635.5-nm line, 


clear explosion (/). Decade-long debates have 4 Vacud : : ; : : : 
discussed how the explosive nuclear burning is . Identification, observing date, phase (in days relative to optical maximum light), telescope 
157 


progenitor star (2-6). Successful models ge ~~ 


on whether the burning front becomes, offic 
after the earlier phase of deflag An 
explosion that does turn into supers@@e burning 
is called delayed detonation (4 esulting 
chemical structures are dramatic fferent for 
deflagration (5) and delaye 

(7). For a pure deflagratg 
clumps are expected to 


layers that burning has 
detonation, the d 
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n front propagates 
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and references for Ams values. Numbers in parentheses indicate 1-o error multiplied by 100. 


SN Date of observation Phase Telescope Poin Ams References 
1996X 14 April 1996 —4.2 McD 2.1 m 0.50(20) 1.30(02) (19, 21) 
1997bp 7 April 1997 —5.0 McD 2.7 m 0.90(10) 1.29(08) (19, 22) 
1997bq 25 April 1997 —3.0 McD 2.1 m 0.40(20) 1.17(02) (19, 22) 
1997br 20 April 1997 —2.0 McD 2.1 m 0.20(20) 1.09(02) (19, 23) 
1999by 9 May 1999 —2.5 McD 2.1m 0.40(10) 1.79(01) (24) 
2001V 25 February 2001 —7.3 VLT 0.00(07) 0.73(03) (19, 25) 
2001el 26 September 2001 —4.2 VLT 0.45(02) 1.16(01) (19, 26) 
2002bo 18 March 2002 —5.0 VLT 0.90(05) 1.34(03) (19, 27) 
2002el 14 August 2002 —6.4 VLT 0.72(09) 1.38(05) (19) 
2002fk 6 October 2002 5.5 VLT 0.67(10) 1.19(05) see text 
2003W 31 January 2003 —4.5 VLT 0.64(10) 1.30(05) see text 
2004dt 13 August 2004 —7.3 VLT 1.60(10) 1.21(05) (28) 
2004ef 11 September 2004 -4,1 VLT 1.10(30) 1.54(07) see text 
2004e0 20 September 2004 5.9 VLT 0.71(08) 1.46(08) (28) 
2005cf 1 June 2005 -9.9 VLT 0.44(05) 1.12(06) (28) 
2005de 6 August 2005 4.4 VLT 0.67(14) 1.41(06) see text 
2005df 8 August 2005 4,3 VLT 0.73(05) 1.29(09) see text 
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unit telescopes of the Very Large Telescope (VLT) 
of the European Southern Observatory (ESO). The 
typical spectral resolution of these observations is 
1.2 nm, and the wavelength range is typically from 
400 nm to 850 nm. The total exposure time was 
longer than 4 hours for data taken with the 2.1-m 
telescope and was around 1| to 2 hours for the ESO 
VLT data. Only SNe observed before optical 
maximum were included. We restricted ourselves 
to the characteristic Si II 635.5-nm line [Supporting 
Online Material (SOM) Text. 

The observed Stokes parameters can be 
projected onto the so-called principal and sec- 


Si II 
wry Loo 


Day —-11 


Day —8 


Wa 


ay —7 
he, ee 
ss) 


Day — 
Day —3 
AREA 


Day +14 


ae oly 


450 500 550 600 650 700 
Wavelength (nm) 


F (Arbitrary Units) 


A 
(oe) 


Fig. 1. Spectroscopy (left) and spectropolarimetry (right) of SN 2 
the left are arbitrary; from top to bottom, the zero point of each 
3, 2, 1, 0, —1, and —2 for clarity. On the right, from top to 
each observation is offset by 4%, 3%, 2%, 1%, 0%, —1% 


mark the absorption features of the Si II lines. 


Fig. 2. The correlation between 

the degree of polarization across 

the Si Il 635.5-nm line and the light 

curve decline rate, Amys, for a 

sample of 17 type la SNe. The blue 1. 
diamonds are the measured values 

as given in Table 1. The open circles 
show the data corrected to day —5 e 
by subtracting 0.041(t + 5) + ~~! 
0.013(t + 5)* from the observed < 
degree of polarization, where t i 

the day after optical maximum. T! 

correction formula was derived from 

a weighted quadratic fit to t 
dependence of polarization 0.5 
The linear fit represen 
straight line includes 


4) 


scopically normal SN as red 
open circles. The en circle 
shows the highlyffolagsed event SN 0.0 
2004dt and th uminous SN 


1999by. Thefmlotted lines illustrate 
the 1—o the intrinsic polar- 


ization tion around the most 
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ondary axes, which are defined (/3, /6) by a prin- 
cipal components analysis of the data points on the 
Q-U diagram such that the spectral variation of the 
polarization is maximal along the principal axis. 
The secondary axis is orthogonal to the principal 
axis. As an example, in the spectra and principal 
components of the polarization of SN 2002bo at 
different epochs (Fig. 1), the polarized spectral fea- 
tures at 470.0 nm and at 600.0 nm decreased 
significantly by day +14. The polarization data for 
SN 1996X, SN 1999by, SN 2001el, and SN 2004dt 
have been discussed in previous studies (/0—/5), 
revealing a considerable level of individuality. 
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SN 1999by 


lik the Monte Carlo simulation. Error bars around the data indicate 1-o measurement errors. 
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As a luminosity indicator, we used ine 
in B magnitude within 15 days fro um 
(Am,s). This quantity is fou fe well 
correlated with the intrinsic | of SNe 
Ia (/7): Intrinsically dimmer Sie Iayisually show 
a faster decline, that is, Jarger 15. For those 


Mes, the luminos- 
cross-correlations 
ry of well-observed 
alues of the closest 
opted. The best matches 
003W, SN 2004ef, SN 
OOSdf are SN 1996X, SN 
, SN 2001el, and SN 1994D, 
esults were cross-checked with 
Si II absorption lines at 615 nm 
ae (78), and the results are generally 
1 greement. For the SNe with no pub- 
ya curves, 0.05 magnitude was quadrat- 
added to the errors of Am ,; deduced from 
light curve of the best matching spectral 
emplate. All Am,; values derived from pub- 
lished light curves are based on our light-curve 
fitting procedure (/9). 

The degree of polarization is known to evolve 
with time. To compare the data at the same epoch, 
we fitted the time dependence of the polarization 
of all the Branch normal SNe by a second-order 
polynomial (fig. S1), and the polarization data 
were then corrected to 5 days before peak B 
magnitude. Excluding peculiar events SN 2001V, 
SN 2004dt, and SN 1999by (SOM Text), the 
correlation is fitted by a linear relationship, Psi; = 
0.48(03) + 1.33(15)(Am,; — 1.1). The Pearson 
correlation coefficient is 0.87, which suggests a 
strong correlation. The y* of the linear fit is 16 
with 13 degrees of freedom. 

Because the continuum polarization is gener- 
ally low (~ 0.2) for SNe Ia, the ejecta is likely to be 
chemically clumpy to explain the observed high 
polarization across spectral lines (/4). If this is the 
case, projection effects must play a role in diluting 
this correlation (Fig. 2). This might be the case for 
the significant deviation of SN 2004dt from the 
regression line (Fig. 2). When viewed in certain 
directions, the degree of polarization can be 
particularly large or small. A tight correlation 
could only be expected for the mean degree of 
polarization averaged over several SNe and at the 
same photometric phase. To quantify this effect, 
we have constructed a toy model that assumed 
that the disk of the SN photosphere is polarized at 
11.73% (20) at the limb and decreases quadrat- 
ically with distance from the limb to the center to 
zero polarization (SOM Text). We performed a 
Monte Carlo simulation that assumes N clumps, 
each covering an area S along the line of sight to 
the photosphere. The depth of the P-Cygni 
absorption feature (defined as the ratio of flux at 
the minimum of the absorption feature to that of 
the continuum) is then 1 — NS/nR?, where R is the 
radius of the photosphere. For lines about 50% 
deep (NS/nR? = 0.5), the probability distribution 
of the polarization is found to peak at around 
0.5% for N = 20. The 1 — o width of this dis- 
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tribution, calculated assuming NS/nR? = 0.5 
(Fig. 2), envelopes most of the observed data 
points. In reality, there is a wide range of Si II line 
strengths; accordingly, the numbers and sizes of 
lumps may not be the same for all the SNe. The 
observed polarization-Am,s correlation appears to 
be tighter than that given by the Monte Carlo 
model. This is perhaps an indication of a non- 
negligible amount of large-scale asymmetry of the 
SN ejecta, especially for those SNe with high 
polarization and Am ;. Such large-scale asymme- 
tries do not generate noticeable amounts of 
polarization in the continuum, which is formed 
deeper inside, and can be identified with large 
plumes located above the SN photosphere. It may 
also be generated from the interaction of the ejecta 
with circumstellar material, such as an accretion 
disk before the explosion of the white dwarf 
progenitor. Alternatively, the observed tight cor- 
relation may be due to a global aspherical 
explosion. In this case, a tight correlation implies 
that a more asymmetric explosion generates 
intrinsically dimmer SNe. However, we stress 
that the asymmetries we observe here are confined 
to the high-velocity regions and do not affect the 
geometric shape of SN photosphere around the 
optical maximum. Any large-scale asymmetry is 
therefore confined only to the outermost layers. 

Because the light curve of a SN Ia is powered 
by the radioactive decay of *°Ni, we infer (Fig. 2) 
a possible anticorrelation between the amount of 
°°Ni synthesized in SNe Ia and the asphericity of 
the silicon-rich layer. 

Our result puts strong constraints on any 
successful models of SNe Ia. At around optical 
maximum, the photosphere is typically located at 
velocities around 12,000 km/s as measured from 
P-cygni line profiles, which according to hydro- 
dynamic calculations (7) of delayed detonation is 
close to the velocity zones dominated by iron 
group elements. The absence of notable polariza- 
tion at this velocity is evidence in support of 
delayed detonation. 
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Details of delayed-detonation models af- 
fect the brightness and the geometric structure 
of SNe Ia. Larger departures from sphericity imply 
that less of the central region is scoured of 
irregularities in the composition left by pure 
deflagration models, thus less material burned to 
thermonuclear equilibrium, and hence dimmer 
SNe, in accordance with the statistical trend 
revealed by our studies. 

Lastly, we remark on the use of SNe Ia as 
standard candles. Asymmetry introduces intrinsic 
magnitude and color dispersions. Intrinsic color 
dispersion may be particularly important because 
it makes precise extinction corrections difficult. 
The stochastic nature of the origin of the asym- 
metry suggest that the color corrections can only 
be performed in a statistical sense. It is perhaps 
difficult to find pairs of SNe Ia with identical light 
curves and spectroscopic properties. 

The application of spectropolarimetric ob- 
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talline lattice. In “strongly correlated” materials, 
this is no longer true. The Coulomb interaction 
between electrons is large, so it might be ex- 
pected to add a large term to the Hamiltonian that 


is not necessarily strongly related to the periodic 
potential. However, in most correlated electron 
systems studied to date, the many-electron col- 
lective states still retain strong links with the lat- 
tice, and the range of “correlated electron matter’ 
identified so far is considerably less diverse than 
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should, in principle, be possible. In itinerant sys- 
tems, it almost always consists of electron liquids 
such as Fermi liquids or superfluids that respect 
the lattice symmetry; the identification of super- 
conductors in which the condensate breaks some 
lattice symmetries has been one of the triumphs 
of the field. [For a recent review, see (/).] 

In recent years, there have been proposals that 
even more exotic electronic liquids might be 
observable. In an analogy with the nematic state 
of liquid crystals, which is characterized by 
orientational but not positional order, it might be 
possible to form nematic liquids in electronic sys- 
tems with strong correlations (2). In the broadest 
sense, a correlated electron nematic is charac- 
terized by a lowering of rotational symmetry in its 
itinerant properties that is not simply a conse- 
quence of a symmetry lowering of the lattice. 

We report electrical transport phenomena that 
show that the correlated electron system possesses 
this key property of a nematic fluid. In previous 
work, we have argued that a novel quantum phase 
forms in the vicinity of a metamagnetic quantum 
critical point in the correlated electron oxide 
Sr3Ru,0, (3-5). Here, we show that this state is 
accompanied by pronounced magnetoresistive 
anisotropies that have two-fold symmetry and 
can be aligned using modest in-plane magnetic 
fields. Even in the presence of these two-fold 
anisotropies, neutron single-crystal diffraction 
resolves no change from the initial square 
symmetry of the lattice. The overall phenomenol- 
ogy of our observations bears a striking resem- 
blance to that observed in gallium arsenide (GaAs) 
devices near the high-field limit (6-9), which 
suggests that the nematic phenomena previously 
thought to be specific to close proximity to a 
fractional quantum Hall state may be more general. 

The single crystals used in the present work 
were grown in an image furnace with techniques 
described fully in (70). All transport data shown are 
measurements of the in-plane magnetoresistiv- 
ity, denoted p (//). Crystal purity is crucial in 
Sr3;Ru,0,. For a residual resistivity p) ~ 3 wOQ-cm 
(corresponding to a mean free path of ~30 
or less), the phase diagram contains a quant 


critical point (QCP) that can be accessed e 
application of a magnetic field of ~7.8 T p: 
the crystalline c axis and the effects ofgy. e 


now been studied with a variety of Pa) tal 
probes (/2—-/7). As the purity is in@@gsed, first- 
order phase transitions appear QCP is 
approached, and measurements least five 
thermodynamic and transpOyspropertes contain 
features whose loci enclose Qi: region of 
the phase diagram in ity of the QCP. 
Previously, we have ar; these observations 
are indicative of the on of a new quantum 


phase (3-5). For ied parallel to c, p has a 
pronounced. an hen this phase is entered 


(Fig. 1A). The ep “sidewalls” coincide with 
first-order plgse transitions that can be observed 
using ac s ibility or magnetization. The angle, 
0, of t 1ed magnetic field to the ab plane 
of Ke is a known tuning parameter in 
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Sr3Ru,0; (/4). Previous work has shown that the 
large resistive anomaly of Fig. 1A disappears 
rapidly with tilt angle (78), leaving behind much 
weaker signals in p that trace the origin of the two 
first-order phase transitions as a bifurcation from a 
single first-order transition at 8 ~ 60° (5), marked 
by the white arrow in Fig. 2A. At first sight, this 
seems to contradict the identification of the 
bounded region between the two first-order lines 
as a single distinctive phase; there was no evidence 
that the sudden drop in resistivity with the angle 
at 8 ~ 80° coincided with any phase boundary. The 
apparent contradiction can be resolved by postulat- 
ing the existence of domains of some kind. In such 
a picture, the behavior shown in Figs. 1A and 2A 
would be due to these domains producing the extra 
scattering. The fact that the anomalous scattering 
disappears so rapidly as 0 increases would then be 
most straightforwardly interpreted as being due to 
the in-plane component of the tilted magnetic field 
(Hin-plane) destroying the domains. 

However, instead of simply removing 
anomalous peak, Hipplane exposed an in 
asymmetry of the underlying phase, 
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s 
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hase transition giving the resistive anisot- 

due to a corresponding anisotropy in the 

ping integrals. Another is the formation of 

ield-alignable magnetic domains such as those 

examined in the context of itinerant metamag- 
netism in recent theoretical work (/9, 20). 
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Fig. 2. Three-dimensional plots of the magnetoresistivity components ppp (A) and paa (B) of a 
single crystal of SrzRu,07 as the external magnetic field is rotated from alignment along the 
crystalline a axis (0°) to alignment along the crystalline c axis (90°), at a constant temperature of 
100 mK. The quantity H,(6) that normalizes h is the main metamagnetic transition (i.e., the one 
that dominates the change in the magnetic moment). It varies smoothly from 5.1 T at 0° to 7.87 T 
at 90°. The same data plotted without this normalization are shown in SOM Text 3. 
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To investigate these possibilities, we first 
carried out measurements of p(H) and magnetic 
susceptibility ~(H) at temperatures between 20 
mK and 4 K on 20 samples from three different 
batches with a wide variety of shapes, 6 of which 
were cut from the same piece of crystal (SOM 
Text 3). Shapes vary from square plates with 
sides A = B >> C to rectangular plates with side 
A>>B>> C to long cylinders with A = B<<C. 
In each class of sample, dimension C is aligned 
with the crystalline c axis, but we deliberately tested 
combinations of A and B that were aligned or 
misaligned with the crystalline a and b axes (SOM 
Text 1). An important result of all these experiments 
is that, apart from a small region of hysteresis 
(maximum width ~80 mT), all the first-order phase 
boundaries observed in Sr;Ru,O7 were invariant 
under changes to the sample shape. This firmly 
tules out demagnetization effects as playing a major 
role in determining the physics and, hence, directly 
contradicts predictions conceming magnetic do- 
mains (20). To check for a large spontaneous lat- 
tice parameter anisotropy, we performed elastic 
neutron scattering measurements for H // c (SOM 
Text 2). Within our experimental resolution of 4 x 
10> A, we see no evidence of any difference in 
lattice parameters a and b in the anomalous region. 

The experiments described above therefore 
rule out two of the more standard explanations 
(magnetic domains and structural change) for the 
anisotropy shown in Fig. 1B. In Fig. 2, we show 
the complete magnetoresistive field-angle “phase 
diagrams” for fields between 4.2 T and 9 T rotating 
the entire 90° from parallel to a to parallel to c (0 = 
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90°). The temperature is 100 mK. Figure 2A 
shows the magnetoresistivity for the easy direction, 
Ppp, and Fig. 2B that for the hard direction, Paa- 
Figure 3 shows typical data for the difference 
in p between the hard and easy directions (main 
figure) and the temperature dependence of p in a 
field of 7.4 T along both directions (upper inset). 
Along the easy direction, standard metallic be- 
havior is seen, whereas a nonmetallic temperature 
dependence is seen for the hard direction [in 
agreement with results reported previously (3, 4)]. 
In the presence of such temperature-dependent 
anisotropy, it is reasonable to plot the difference 
between pa, and ppp, normalized by their sum, as a 
phenomenological order parameter. This is done in 
the lower inset to Fig. 3 at a field applied at 9 = 72°. 
Several striking features are evident from our 
data: (i) A key finding is that strong scattering can 
be observed in the whole region of the phase 
diagram enclosed by the two first-order phase 
boundaries that bifurcate from a single first-ord 
transition line at 6 ~ 60° (5). If there is an in-pl 
field component, this scattering becomes str 
anisotropic. The present observations = 


portant because if one interprets the et 
of Fig. 3 as evidence for an order par one 
sees that the phase that it describ unded 
(at low temperatures and cons ry well- 
defined first-order phase tra: s that are 


determined by the in-pjggQ@ge component having 
been directed alon; e data shown. If the 
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ON, Ppp has a clearly metallic temperature dependence, whereas paa has the 
J emperature dependence previously reported for H // c in (3, 4). If the in-plane 
ent is instead oriented along b, ppp and py, switch in both magnitude and 
pendence. (Lower inset) The temperature dependence of the difference between 
etoresistivities shown in the upper inset, normalized by their sum, which is similar to 
for the order parameter associated with a continuous thermal phase transition. 


direction of the field is rotated by an- 
isotropy is reversed and a beco easy 
direction. Checks show that i) is not 
smooth; the easy direction is et a or b but 
cannot be made to lie, for =“ °. (ili) As 

the presence 


can be seen in the lower inget to 

of a (small) symmetry, i in-plane Slightly 
rounds off the transition’ perature, giving a 
“tail” above 800 Sen which high- 
lights the fact that ane field (that breaks 
rotational sy conjugate to the order 
parameter, bec ore pronounced for lower 
? igher Hin-piane- (iv) Another 
oader, but still very notice- 
hard direction for 8 < 40° and 
‘#B). (v) The anisotropy described 
1S, like the one described in point (1), 
sensitive to sample purity [(2/) and 
Text 4], strongly suggesting a common 
in for the two. Its breadth in field and in 
perature (not shown) is also consistent with 
S$ proximity to the ab plane, that is, in the pres- 
ence of a large in-plane magnetic field. Specific 
heat data taken cooling down at its central field 
(h = 1.2) show a logarithmic divergence of C/T 
down to | K (22), giving good evidence that this 
feature, like that for fields parallel to c, is related 

to incipient quantum criticality. 

The combination of susceptibility, neutron 
scattering, and transport data gives strong evi- 
dence for the spontaneous formation of a struc- 
tured, anisotropic state in the correlated electron 
fluid as a quantum critical point is approached 
in Sr3Ru,07. Although the anisotropy is seen 
explicitly in the presence of a weak symmetry- 
breaking in-plane field component, there is 
compelling evidence that the symmetry break- 
ing of the correlated electron state is spontaneous 
and exists even for H// c. The data shown in Fig. 
1A can be reconciled with those at other parts of 
the phase diagram (Fig. 1B and Fig. 2) if the hard 
axis is randomly oriented along the a and b 
directions in different regions of the sample, 
leading to overall isotropy despite strong local 
anisotropy. Such behavior is commonplace in 
symmetry-broken states, for example, in simple 
ferromagnets in zero applied magnetic field (22). 

Interesting comparisons can be made between 
the present data and those in other correlated sys- 
tems. In-plane transport anisotropies have been 
observed in both cuprates and manganites. In those 
systems, the crystals are always orthorhombic, but 
in some cases the anisotropy increases while the 
degree of orthorhombicity decreases, and strong 
anomalies have been seen in the Hall effect, both of 
which have been interpreted as evidence for spon- 
taneous charge-stripe formation (23-25). A much 
stronger similarity exists between our observations 
and those on two-dimensional (2D) GaAs devices. 
For example, it was shown (6-9) that if the de- 
vices can be prepared with ultrahigh mobility such 
that the fractional quantum Hall effect (FQHE) 
could be observed in the upper two Landau levels, 
the correlated electron system does not make a 
simple FQHE-Fermi liquid crossover as the field 
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is reduced and the filling is increased. In the N = 2 
to N= 5 Landau levels, the FQHE is replaced by a 
strong spontaneous resistive anisotropy aligned 
with principal in-plane crystal axes, even though 
the crystal symmetry shows no evidence of ortho- 
rhombicity. The anisotropy exists even for fields 
perpendicular to the plane of the device (presum- 
ably because of some symmetry-breaking gra- 
dients introduced during device fabrication) but 
can be rotated by 90° by applying a modest in- 
plane field. Just as in the present observations on 
Sr3Ru,07, the GaAs data have strong temperature 
and purity dependencies, and the easy direction lies 
perpendicular to an in-plane field applied along 
one of the two relevant crystalline principal axes. 

The phenomenological similarity between the 
GaAs and Sr;Ru 207 results suggests a common 
origin for the observations. The disorder depen- 
dence gives an important clue, because strong 
sensitivity to elastic scattering is the signature of a 
state that is anisotropic in k-space, as is well known 
in unconventional superconductivity (26). The 
challenge is how to reconcile what are, apparently, 
large differences in the starting physical situations. 
To promote self-organization of a correlated elec- 
tron system, one must tune the ratio of a potential 
energy term often summarized by the parameter U 
(the Coulomb repulsion, which tends to localize) 
to the kinetic energy, often denoted by W, which 
tends to delocalize. If this is done “chemically,” by 
forming new compounds, the change in the U/W 
ratio is strongly linked to a change to the electron- 
lattice coupling, because increasing U and decreas- 
ing W also involves increasing the strength of the 
periodic potential. In the GaAs devices, it is possi- 
ble to increase the U/W ratio by quenching the 
kinetic energy by going to very low Landau levels. 
This leads to a relatively high effective correla- 
tion strength without an increase in the effective 
strength of the periodic potential. In Sr;Ru,0,, 
similar basic physics is taking place but with a 
different kind of tuning. It is intrinsically a strongly 
correlated material, so the starting periodic poten- 
tial is much larger than in GaAs. However, the 
existence of an underlying metamagnetic quan 
critical point makes the quasiparticle mass 
diverge on the approach to criticality (75, 2 
mass divergence is another route to inc 
U/W without increasing the strength of 
potential, hence freeing the correlat 
fluid from its rigid link to the unde 

We have shown that in hight 
of its phase diagram, in proxim ‘metamag- 
netic quantum critical points @be elecT¥n fluid in 
Sr3Ru,07 develops a strongiteS¥tive anisotropy, 
whose hard and easy ax interchanged by 
the application of m n-plane magnetic 
fields. The data are nt with the formation 
of a nematic si roken rotational sym- 
metry. Intriguing rrelated electron nematic 
arising from a ranchuk-like Fermi surface 
distortion Roce possesses two of the key 


attice. 
ed parts 


features thal resent in our data and those from 
GaAs, the k-space anisotropy that would 
gi g disorder dependence and the 
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possibility of anisotropic transport, intrinsic or 
through domain formation (37). Whatever the 
detailed microscopic origin (38), our data suggest 
that nematic behavior is a feature of ultraclean low- 
dimensional correlated electron systems in which 
the bandwidth can be reduced independently of 
changes to the strength of the periodic potential. 
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Maly Siderophile Element Constraints 


vn Accretion and Differentiation 


of the Earth-Moon System 


James M. D. Day,** D. Graham Pearson,” Lawrence A. Taylor? 


A new combined rhenium-osmium— and platinum-group element data set for basalts from the Moon 
establishes that the basalts have uniformly low abundances of highly siderophile elements. The data 
set indicates a lunar mantle with long-term, chondritic, highly siderophile element ratios, but with 
absolute abundances that are over 20 times lower than those in Earth’s mantle. The results are 
consistent with silicate-metal equilibrium during a giant impact and core formation in both bodies, 
followed by post—core-formation late accretion that replenished their mantles with highly siderophile 
elements. The lunar mantle experienced late accretion that was similar in composition to that of Earth 
but volumetrically less than (~0.02% lunar mass) and terminated earlier than for Earth. 


he histories of Earth and the Moon are 
intrinsically linked, with a catastrophic giant 
impact considered to be the most likely 
mode of origin of the Earth-Moon system (/, 2). 


After this event, both bodies experienced early 
[4.53 + 0.01 gigayear (Gyear)] global-scale differ- 
entiation (3, 4), forming metallic cores and silicate 
mantles and crusts. However, uncertainty exists in 
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several aspects of these planetary evolution models. 
For example, the influence of core formation and 
the relative timing and composition of late-accretion 
material to the Moon’s mantle from bodies striking 
the surface are poorly constrained (5, 6). This has 
important consequences for metal-silicate equilibri- 
um (5), the so-called late veneer on Earth (7) and its 
apparent relation to the rise of life (8), and lunar late 
heavy bombardment (9). 

Highly siderophile elements (HSEs: Re, Au, Ir, 
Os, Ru, Rh, Pt, and Pd) and the Re-Os isotope 
system embedded within these elements offer a 
means to address these problems, because they are 
effective tracers of the early stages of planetary 
evolution (/0). They are sensitive to metal-silicate 
equilibria during core formation and to the subse- 
quent addition of primitive, HSE-rich undiffer- 
entiated materials to silicate mantles after core 
segregation. The abundances of HSEs in Earth’s 
mantle (~0.008 x C1 chondrite) are elevated rel- 
ative to those predicted from metal-silicate equi- 
librium (<0.00001 x C1 chondrite). Although 
high-temperature, high-pressure silicate-metal 
equilibrium can account for depletion of HSEs 
in planetary mantles, it cannot explain the chon- 
dritic proportions of HSEs in Earth. This obser- 
vation is considered to be primary evidence for late 
accretion after core formation (6, 7). In contrast, 
great uncertainty exists regarding lunar-mantle 
HSE abundances (5). Determining lunar-mantle 
HSE contents has been problematic because of a 
lack of direct mantle samples, together with low 
HSE abundances in mare basalts, melts of the lunar 
interior, and potential mantle proxies. Severe leach- 
ing of pyroclastic glasses, which have experienced 
meteoritic and magmatic condensate contamina- 
tion, and analysis of a dunite cumulate point to 
lower HSE abundances for the Moon’s mantle as 
compared with Earth’s, but more substantive data 
are needed to draw any conclusions (//). 

We report precise Os-isotope— and HSE- 
abundance data (table S1) for five basalts from the 
Apollo 15 mission, six from Apollo 17, and six 
lunar basalts of meteoritic origin from LaPaz, 
Bolivia, that were obtained by using an ultra-low- 
blank, isotope-dilution digestion technique (/ mg. aS 
contrast to pyroclastic glasses, the selecte - 
ples are unaffected by meteoritic contamg 
(13-15) and hence offer an opportu) 
termining the HSE and Os-isotope c 
of the lunar mantle. 

A striking feature of the data is 
have lower HSE abundances th: 
ocean ridge basalts (MORBs) gai arable-to- 
lower MgO contents eg samples, 
Ir-Pt-group elements (I- “Ws, Ir, and Ru) are 
fractionated to lower a ces than Pd-PGEs 
(P-PGEs: Pt and P thers have relatively 
flat, unfractionatt tterns. Fractionation of 
I-PGE and P-P Its from extensive partial 
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melting or crystal/melt separation, in which more 
compatible I-PGEs remain in the mantle residue or 
are trapped within early-formed minerals (/6, /7). 
Variations in mare-basalt HSE abundances and 
PGE patterns can be explained by fractionation of 
olivine and chromite, as recognized from their 
major-element compositions (/8, 19). LaPaz basalts 
have large I-PGE and P-PGE fractionations relative 
to Apollo basalts (Fig. 1), consistent with their 
incompatible-element-enriched and —fractionated 
nature (13). Measured '*7Os/'**Os compositions 
for Apollo 15 and 17 basalts (0.1265 to 0.1729) are 
nearly chondritic as compared with the LaPaz basalts 
(0.1697 to 0.4628), in agreement with a preliminary 
study of two of the basalts (20). Initial '*’Os/'**Os 
ratios range from within 5% of chondritic values to 
values far below the solar system initial composition. 
Another remarkable attribute of the data set is 
the ubiquitously low Re contents of lunar basalts, 
which were previously ascribed to low oxygen 
fugacity (fO.) in the lunar mantle, affecting HS 
partitioning during melting (20). However, po 
lated redox effects on Re compatibility di 
melting have not been experimentally veri 
assume similar S contents for the, id 
terrestrial mantles (20). Studies of. jasalt 
olivine melt inclusions indicate that mantle 


has S contents that are two to three wer than 
in the terrestrial mantle, such th y be more 
T 
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Fig. 1. Chondrite-normalized (Orgueil C1) PGE 
patterns for lunar mare basalts versus terrestrial 
MORBs. (A) LaPaz basalts, including CT (open circles), 
HPA digestions (black circles), and the fusion crust 
sample no. LAP 02224, 17 (open triangles). (B and 
C) Apollo 17 (high-Ti) and Apollo 15 (low-Ti) dis- 
turbed (B) and undisturbed (C) basalts (SOM text). 


dominant than fO, in controlling HSE ing 
(21). Our data demonstrate that Pt an also 
anomalously low in the lunar mant] Ir, Ru, 
and Os. PGEs are unlikely to be -sensitive 


as Re, and hence, our view 1s th@f{/Ogcannot be the 
dominant control on low, lunar abundances, 
even if it cannot be nig Rag ctin Re. 
Samples with low ini s/'*8Os have low 
MgO and Os abun 10 parts per trillion 
(ppt)], with measuy '88Qs being the most 


divergent from c . PGE patterns for these 
basalts show th t interelement fractionation, 


with (Pd/Ir), s/Ir),, (where n denotes the 

chondrite-n ratio) deviating substantially 

from c value of 1. Re enrichments 
th 

e 


wi LAP | are also evident. The very low Re 
s dances in these samples make them 
susceptible to minor Re addition or 


s [supporting online material (SOM) text]. 
yr initial '*’Os/'**Os ratios are too low for their 


ces to have interacted with a component with 
fow time-integrated Re/Os before magmatism. 
Although we are not able to conclusively deter- 
mine whether Re addition or Os loss is responsi- 
ble, these basalts have obviously experienced a 
multistage evolution. We classified these basalts as 
“disturbed” and did not consider them in con- 
straining the evolution of the lunar mantle. 

Mare basalts with generally higher MgO 
contents have relatively elevated I-PGE contents 
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Fig. 2. Histogram range of the measured 1870s/*88Qs 
values for chondrites versus lunar basalts. The lowest 
measured *8’0s/*®°Os values for mare basalts lie in 
the range of chondritic compositions, and the 
primitive upper mantle (PUM) composition is derived 
from terrestrial-mantle peridotites (SOM text). Num- 
ber indicates the number of samples analyzed. 
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(Os >10 ppt), unfractionated PGE patterns with 
(Pd/Ir),, and (Os/Ir),, close to 1, and initial Os iso- 
topic compositions that are within 5% of chondritic 
values (Figs. 1 and 2 and table S1). We classified 
these samples as “undisturbed” (74255, 15016, 
15555, and 15596) and used them to consider Os- 
isotope and HSE compositions of lunar-mantle 
source regions. Undisturbed samples have origins 
consistent with mantle-derived melts that have ex- 
perienced olivine and spinel accumulation (/9, 20). 
The effect of this accumulation would be to increase 
I-PGE abundances (/7), thereby flattening PGE 
patterns. The enhanced I-PGE abundances result 
in estimates of the probable conservative maxima 
of lunar-mantle HSE abundances. Near-chondritic 
Os-isotope ratios of undisturbed basalts indicate 
derivation from a source that experienced long- 
term chondritic evolution of Re/Os (and by infer- 
ence, HSE ratios), which maintained this character 
through the eruptive duration of the basalts, until 
at least 1 Gyear after Moon formation. 

It is unlikely that HSE ratios would remain close 
to chondritic values if they were affected by con- 
tamination from the lunar crust during the eruption of 
the basalts (SOM text). The selected samples have 
been well characterized and show no evidence of 
crustal or meteoritic contamination (14, 15, 18, 19). 
Therefore, unfractionated PGE patterns among un- 
disturbed mare basalts probably result from relative- 
ly small degrees of melting (<<<15%, SOM text), 
plus minor olivine and chromite accumulation. 

Extrapolations to mantle abundances from ba- 
saltic compositions are complicated by uncertainties 
in HSE mantle-melt partitioning (5). An empirical 
approach is to compare mantle-melt products from 
the Moon with those from Earth, assuming that 
relative offsets reflect the same magnitude of offset 
in mantle HSE contents (//). This comparison is 
most robustly done with I-PGEs that are least 
affected by degassing effects on Earth (22). HSE 
abundances were estimated by regressing lunar and 
terrestrial PGE data to an assumed fertile mantle 
MgO composition, accounting for the lower MgO 


Os Ir Ru t d Re 


rial-mantle PGE 
errestrial orogenic 
e compositions were 


Fig. 3. Estimated lunar- an 
abundances and pattern 
peridotites. Estimates f 
made by regressi , Pt, Pd, and Re versus 
MgO data (SOM fig. $2). Both lunar and 
terrestrial monty chondritic relative abun- 
dances of HSEs, Moon's mantle possesses 
arly two orders of magnitude less 
h. Calculated concentrations for the 
re ~0.2 ng/g Pt; 0.1 ng/g Os, Ir, Ru, 
.01 ng/g Re; ~0.0002 x C1 chondrite. 
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of the lunar mantle. Results yield an estimated 
terrestrial-mantle composition with nearly chondrit- 
ic relative abundances (~0.008 = C1 chondrite) and 
a PGE pattern similar to that of fertile orogenic 
peridotites (Fig. 3). Regressed data for undisturbed 
lunar basalts also generate broadly chondritic 
relative abundances of HSEs, but with all HSE 
abundances 20 to 40 times lower than terrestrial- 
mantle estimates (~0.0002 x C1 chondrite, Fig. 3). 
Three key observations that place important 
constraints on lunar evolution were predicted from 
our data set: (i) low HSE abundances, (ii) chondritic 
HSE proportions, and (iii) the long-term chondritic 
Os-isotopic composition of the Moon’s mantle. 
Two of these characteristics [(ii) and (iii)] are also 
shared with Earth and point to similar processes 
being involved in the formation and evolution of 
Earth and the Moon. A two-stage evolution is 
required to explain these observations. 
Abundances of HSEs were initially lowered in 
the lunar and terrestrial silicate mantles by me 
silicate partitioning. For both Earth and the M 
scavenging of HSEs could have occurred 
two processes. HSE-depleted mantles 
been inherited during the giant ir 
models predict that nearly all core mat 
colliding bodies would have been s 
Earth (/, 2). Alternatively, the se; 
during planetary differentiation 
from silicate mantles. M 
would fiactionate HSE rati 


icular, Re from 


ensure a chondritic pic evolution for the 
lunar mantle. 
For Earth, 


Os; therefore, a second “C 
HSEs back to ay itive proportions to 


re-formation accretion of 


~0.4% of the tfY mass is thought to have oc- 
curred, re- the upper mantle in HSEs by 
effective of material during mantle con- 


ites that the late accretion component 
Ww. h less important for the Moon. We cal- 
t the addition of ~0.02% (1.5 x 10!" kg) 

oon’s mass by accretion of chondritic ma- 

would restore chondritic Re/Os and account 

r the inferred lunar-mantle HSE composition. 
This is equivalent to an Earth/Moon mass flux 
ratio of ~2700, which is considerably greater 
than the ratio of 30 that was estimated from the 
gravitational-attraction potential of the two bodies 
(6). Because the lunar cratering record indicates 
substantial continued impacts after crust forma- 
tion, we suggest that the thick, ancient >4.4-Gyear 
(23) lunar crust played a key role in isolating the 
lunar mantle early in the late accretion phase of 
lunar evolution, explaining its limited HSE re- 
enrichment. The mixing and homogenization of 
any meteoritic post-core-formation HSE inven- 
tory to re-create a chondritic mantle for Re-Os 
isotopes probably occurred in the ~0.1-Gyear pe- 
riod between the inception of lunar differentiation 
[4.53 + 0.01 Gyear (3)] and the stabilization of the 
lunar crust (23). This model, which explains the 
abundances and chondritic ratios of HSEs in lunar 
basalts, agrees with other physical and dynamical 


constraints on the formation and evol 
Moon. Mare-basalt HSE data are, thi 
sistent with the giant impact an 
differentiation models for the 


responsible for elevated HSE abi 
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Stabilization of Platinum 
Oxygen-Reduction Electrocatalysts 
Using Gold Clusters 


J. Zhang," K. Sasaki,” E. Sutter,” R. R. Adzic* 


We demonstrated that platinum (Pt) oxygen-reduction fuel-cell electrocatalysts can be stabilized 
against dissolution under potential cycling regimes (a continuing problem in vehicle applications) by 
modifying Pt nanoparticles with gold (Au) clusters. This behavior was observed under the oxidizing 
conditions of the Oz reduction reaction and potential cycling between 0.6 and 1.1 volts in over 
30,000 cycles. There were insignificant changes in the activity and surface area of Au-modified Pt 
over the course of cycling, in contrast to sizable losses observed with the pure Pt catalyst under the 
same conditions. In situ x-ray absorption near-edge spectroscopy and voltammetry data suggest that 
the Au clusters confer stability by raising the Pt oxidation potential. 


fter Haruta’s discovery (/) of the catalytic 
As of supported small Au clusters for 

CO oxidation, there were several reports 
on the effects of the oxide supports in facilitating 
this activity (/—3). Other explanations of the 
activity included the clusters’ distinct electronic 
(4) or chemical properties (5). The mechanism of 


rates observed upon holding at constant poten- 
tials (12) for extended time spans. Our resul 
show promise toward resolving this impedim 

The Au clusters were deposited on a Pt 
lyst (carbon-supported Pt nanoparticles) 
galvanic displacement by Au of a C 
on Pt (/3). Underpotential deposi 


oxygen adsorption and activation necessary for involves a monolayer-limited pro poten- 
rapid CO oxidation is controversial and opposite __ tials above the thermodynamic as used 
to the observed lack of O, dissociation on Au to coat a Pt surface with a ma of Cu. To 
single crystals (6). Recently, Chen and Goodman __ obtain some insights into,a possiD¥ mechanism 


of Au cluster formation o opatticles, we 
describe a more tract: 
positing Au onto a x 
strate. In addition, tl 
form a surface 


iO yer that inhibits ORR 
& possible dissolution. It is 


(7) suggested that all reactants adsorb on Au rather 
than on the oxide support. The metal oxide/support 
interface boundary sites are believed to be im- 
portant for stabilizing oxygen-containing reaction 
intermediates on Au clusters (8). Support effects 
were reported on the nucleation, growth, and 
morphology of Au nanoclusters for TiO, and 
Si0, oxides (9). 

As the underlying surface affects the Au 
clusters, so the clusters can conversely be ex- 
pected to alter the properties of the support sur- 
faces. However, such effects have not yet been 
studied, despite considerable scientific and tech- 
nological interest. Here we report that Au clusters 
have a stabilizing effect on an underlying, P 
metal surface under highly oxidizing conditt 
and suppress Pt dissolution during the O, 
tion reaction (ORR) during potential 
without decreasing the oxygen reductign 

Fuel cells are expected to beco 
source of clean energy (/0, 17) wit 
important applications in transp 
considerable recent advances, & 


Qs 
technology still has drawback inclu®ng the in- 
stability of the Pt electroc ‘or the ORR at 


1) surface is known to 


activity and le 
likely that A@@ users can affect this process, 
information on the stabiliza- 


which “& 


the cathode (/0). Rece recorded a sub- 
area over time in 


stantial loss of the Pt 
proton-exchange “QZ fuel cells (PEMFCs) 
(/1) during the 0 driving of an electric 


car; this deplet eeded the Pt dissolution 


Fig. 1. STM image (125 x 125 nm) of the Au 
clusters on a Pt(111) surface, obtained by gal- 
vanic displacement of a Cu monolayer by Au. A Cu 
monolayer was deposited at underpotential on Pt 
(111). The Au adlayer was subjected to 10 cycles 
between 0.2 and 1.2 V versus RHE with a sweep 
rate of 50 mV/s to obtain such clusters. The STM 
image was acquired at the electrode potential of 
0.8 V in 0.1 M HClO, at room temperature; the 
tunneling current was 1.24 nA. 


Chemistry, Brookhaven National Labora- 


*Departmen 
11973, USA. 2Center for Functional 


tory, Uptgg 


tion effect. After undergoing a 

sweeps to 1.2 V, the Au monolayer ed 

into three-dimensional clusters i ). The 

scanning tunneling microscop ©: image 
0 


shows clusters two to three m rs thick and 
2 to 3 nm in diameter. All als are given 
with respect to a revey! ogen electrode 
(RHE). The measurem re carried out at 
room temperature, erwise indicated. 


The Au clust carbon-supported Pt 
nanoparticles w, erated using the same 
method. Beca ize of the Pt nanoparticles 

A 


is about 3 u clusters on Au/Pt/C are 


Pp 


clearly muc r than those on Au/Pt(111). 
We u: s@ption and oxidative desorption 
of C ine the Pt surface area blocked 


fe, n layer of catalyst was bonded by a 
thy on film to a glassy carbon disk of a 
m2 disk electrode. The CO stripping mea- 
ents on Pt/C and Au/Pt/C (fig. S1) re- 
led that the Au clusters in Au/Pt/C covered 
out 30 to 40% of the Pt surface. We assumed 
in this calculation that CO is not adsorbed on the 
Au surface under these conditions. 

The structure of the Au-modified Pt/C cat- 
alyst was examined by high-resolution transmis- 
sion electron microscopy. Measurements were 
performed using a high-resolution 300-kV field- 


Fig. 2. Electron micrographs of a Au/Pt/C catalyst 
made by displacement of a Cu monolayer by Au. 
High-resolution images (A and B) show atomic 
rows with spacings that are consistent with the 
Pt(111) single-crystal structure. A different struc- 
ture in the areas indicated by the arrows is ascribed 
to the Au clusters. 
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emission microscope (JEOL3000F) equipped 
with an energy filter, an energy-dispersive x-ray 
spectrometer, and an electron energy-loss spec- 
trometer. Low-magnification images (fig. S2) 
indicate the presence of metal particles averaging 
3 to 5 nm in size on ~50-nm carbon spheres. 
Figure 2 shows the morphology of two isolated 
metal nanoparticles on the carbon support. 
Energy-dispersive spectroscopy applied directly 
to these particles showed the presence of 10 to 
11% Au on Pt. The most frequently observed 
lattice fringes fit well with the Pt(111) surface. 
The distinct structures indicated by arrows in Fig. 
2 are ascribed to the Au clusters, which appear 
amorphous rather than crystalline. 

The in situ extended x-ray absorption fine 
structure (EXAFS) spectra (fig. S3) of the Pt Ls 
and Au L3 edges of the Au/Pt/C electrocatalyst 
have an absorption intensity at the Au L; edge 
(11,919 eV) that is ~28% of that at the Pt L3 
edge (11,564 eV). The difference between the 
absorption intensities approximates the compo- 
sition of the Au/Pt electrocatalyst because of the 
proximity of Pt and Au absorption coefficients. 
The mole ratio of bulk atoms to surface atoms 
for the 2- to 3-nm size of these nanoparticles is 
~40 to 50%. If a 2/3 monolayer of Au is de- 
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posited on the surfaces of Pt nanoparticles, the 
Pt:Au mole ratio must thus range from 1:0.26 to 
1:0.33, which is in a very good agreement with 
the above result of 28% (that is, 1:0.28) from 
EXAFS spectra. Because Au L3 absorption be- 
gins only 355 eV after the onset of the Pt Ls 
edge, some fluctuations due to photoelectron 
scattering in the Pt EXAFS spectrum must be 
superimposed on the Au spectrum. The proxim- 
ity of the Pt and Au L3 edges makes the analysis 
of such spectra questionable. Thus, the size of 
the Au clusters could not be determined. 

We found that the Pt nanoparticles retain 
their ORR activity crucial for fuel-cell catalysts 
after the deposition of Au clusters. On a rotating 
disc-ring electrode, the activities of Au/Pt/C and 
Pt/C differed by only 3 mV, expressed as the 
half-wave potential of these two surfaces (fig. 
S4). The small difference in the ring currents of 
the two surfaces corroborates this conclusion. In 
addition, the ring currents show a negligib 
generation of H,Os, indicating a four-elec 
reduction of Oz to HO on both surfaces. 

The stabilizing effect of Au clusters o 
determined in an accelerated stabilgy 


Fig. 3. Polarization curves A B 1 r 

for the O, reduction reaction 0} Au/PYC : . hy : 
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oxidation/reduction cycles of Pt. ce 
reaction involves the formation of P: PtO 
derived from the oxidation of wate: ses the 
dissolution of Pt via the Pt* oxj tate (12). 
We conducted the test by lysng potential 


sweeps at the rate of 50 m a thin-layer 
rotating disk coral Mt 0.1 M 
HCIO, solution at room ture. For compar- 
ison, a Pt/C catalyst same Pt loading as 
that in Au/Pt/C w: d to the same potential 
30,000 cycles, changes 
d electrocatalytic activity 
of the ORR ermined. 

The cata’ ivity of Au/Pt/C, measured as 
the c reduction obtained before and 

cling, showed only a 5-mV degra- 

f-wave potential over the cycling 

p ig. 3A); in contrast, the corresponding 

for Pt/C amounts to a loss of 39 mV (Fig. 

same experiment with Au/Pt/C at 60°C 

wed no loss of activity (fig. S5), affording ad- 

itional evidence for the stabilizing effect of Au 
clusters on the underlying Pt. 

Voltammetry was used to determine the Pt 
surface area of the Au/Pt/C and Pt/C electrodes by 
measuring H adsorption before and after potential 
cycling. Integrating the charge between 0 and 
0.36 V associated with H adsorption for Au/Pt/C 
shows no change, indicating no recordable loss of 
Pt surface area (Fig. 3B). However, for Pt/C, only 
~55% of the original Pt surface area remained 
after potential cycling (Fig. 3D). As expected, the 
surface-area measurements are in good agree- 
ment with the measured ORR activities. 

For the Pt/C catalyst (11.9 gp,/em”), the mea- 
sured degradation of the half-wave potential (E\/2) 
after 30,000 cycles (at room temperature) was 
39 mV. If the Pt specific activity does not vary 
significantly with the potential cycling, and 
assuming a constant Tafel slope b of -120 mV, 
the remaining Pt surface area after potential cy- 
cling can be estimated by using the expression 
(see the supporting online material) AF). =—b x 
log(Sp,/Spio), Where Sp; is the Pt surface area after 
cycling and Spo is the initial Pt surface area. For 
the loss in E12 of 39 mV, the calculated value for 
the remaining active Pt surface area is 47% of the 
initial one. This is less than the observed 55%, 
but the difference is not surprising given a pos- 
sible change of the interfacial conditions during 


—@AuPt/C 


Pt/C if 4 


E/V RHE 
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30,000 cycles and the approximations involved 
in the calculation. A similar expression for the 
cell can be found in reference (//). 

This stabilizing effect of Au clusters and lack 
of ORR inhibition, despite blockage of approx- 
imately one-third of the Pt sites on Au/Pt/C by 
Au, are intriguing phenomena that may have 
additional applications beyond fuel cells. To 
elucidate the origin of the observed stabilization 
effect of Au clusters, we determined by in situ 
x-ray absorption near edge spectroscopy (XANES) 
the oxidation state of Pt as a function of potential 
for the Au/Pt/C and Pt/C surfaces. The data offer 
strong evidence of decreased oxidation of Pt 
nanoparticles covered by Au in comparison with 
the oxidation of Pt nanoparticles lacking such 
coverage. In the XANES spectra for Au/Pt/C at 
the Pt L; edge (Fig. 4A), the intensity of the 
absorption bands reflects the depletion of the d 
band caused by the oxidation of Pt; a very small 
potential dependence indicates such oxidation. 
This effect is more evident in the relative change 
of the x-ray absorption peak intensity of the Pt L; 
edge spectra for Au/Pt/C and Pt/C as a function 
of potential (Fig. 4B). The increase in the inten- 
sity of the absorption edge peak for the Au/Pt/C 
electrocatalyst commences at considerably high- 
er potentials than does that for the Pt/C catalyst; 
thus, the oxidation of Pt nanoparticles modified 
by Au clusters requires much higher potentials 
than are necessary for unmodified Pt nanopar- 
ticles. The high Pt oxidation potential of the 
Au/Pt/C electrocatalyst (that is, the lower extent 
of Pt oxidation) is clearly the major mechanism 
for the stabilization effect of Au clusters. A 
decreased Pt oxidation can also be discerned 
from a comparison of voltammetry curves for 
Avw/Pt/C and Pt/C, as well as for Au/Pt(111) and 
Pt(111). The lower charge associated with the Pt 
oxidation at the potential region between 0.7 
and 1.1 V clearly reveals the reduced oxidation 
of Au-modified surfaces (fig. S6). Table 1 gives 
a summary of the observed changes in surface 
area and catalytic activity data caused by po- 
tential cycling. 

Norskov and co-workers recently propose 
model describing the activity of metal adf@rs 
(14, 15), according to which the character; 
the surface metal d bands, particularly ¥ id 
center (€,), play a decisive role in ing 
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surface reactivity. Density functional theory (DFT) 
calculations showed that the binding energies and 
reactivity of small adsorbates correlate well with 
the position of €, on strained surfaces and metal 
overlayers (/6), in accordance with data from 
numerous experimental studies (/ 7-20). The small 
Au clusters have more low-coordinate Au atoms 
than do the extended Au crystal surfaces. Au atoms 
with low coordination numbers have higher-lying 
d states, which are more reactive and interact more 
strongly with the adsorbate states (2/7). Au clusters 
on oxide supports can thereby activate molecular 
oxygen at room temperature (22-24). 

When Au clusters are bound on a metallic, 
rather than oxide, substrate, the electronic inter- 
actions differ. Roudgar and GroB (25) used DFT 
calculations to demonstrate a significant coupling 
of d orbitals of small Pd clusters to the Au(111) 
substrate. An equivalent type of interaction 
between Au and Pt can account for the observed 
stabilization of Pt. When clusters of the softer 
metal are placed on the surface of consider. 
harder Pt, there is practically no mixing be 
them. Del Popolo et al. (26) previously re 


similar conclusion regarding Pd u 
system. The surface alloying of Pt, 
although unlikely, also would modi Pt elec- 
tronic structure toward a lower P, energy, 


or lower-lying Pt d-band state: 
The high ORR activity ofthe 
modified Pt/C electrocatal 
observation. Au is not 
ORR to H,O; inste: 
generated in a tw m reduction at most 
surfaces [exce (100) and its vicinal 


surfaces in alkg@ lutions (27)]. Because Pt 
reduces O> t a four-electron process, a 


clusters on a 
counterintuitive 
e catalyst for the 
> iS quantitatively 


decrease o ction current for the Pt surface 
that is o ea by a monolayer of Au 
would ected. Without this decrease, it 
appears tifat Au clusters have a very high activity, 
in starkgcontrast to the behavior of the bulk Au or 
-supported Au nanoparticles. As dis- 

above, the mechanism of oxygen acti- 

ion by Au clusters is controversial. Several 
searchers ascribed the activity of Au clusters to 
their interactions with oxides, resulting in charged 
Au particles (28). In view of our preceding dis- 
cussion (25), such a process is not likely to occur 
with Au clusters at metal supports. To explain the 


Table 1. A comparison of wel and the catalytic activity data for Pt/C and Au/Pt/C before 
le 


and after 30,000 potential cyc 


Catalyst and Pt di 


kinetic data 


pm 0.6 to 1.1 V under the oxidizing conditions of the O, 


reduction reaction. Data Cae from Fig. 3. 


Half-wave potential Kinetic current density 
at 1600 rpm (V) 


Specific kinetic 
current density 
at 0.85 V (A/m7p,) 


at 0.85 V (mA/cm?) 


PHC initial 5 0.841 

PUC after (@) B55 0.802 
30,000 cycles 

Au/Pt/C z< 0.838 

Au/PUC 0.833 
3 ©. 


4.56 5.80 
1.60 3.72 
4.23 5.64 
4.10 5.69 


12 JANUARY 2007 VOL 315 


observed activity, we might consider 
spillover of H,O, from Au cluste 


rounding Pt atoms, where further c%) 


eT@pent 
sur- 
to H,0 
can take place. Alternatively, if formed at 
certain potentials, it may help infedyging H2Oz, as 
discussed for alkaline solugions PSuch behavior 
could account for the be of activity of 
the Pt surface toward O. 
Our studies raise, ysing possibilities for 


synthesizing impr R Pt-based catalysts 
and for stabilizi d other Pt-group metals 
under oxidizin; tions. 
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Early Upper Paleolithic in Eastern 
Europe and Implications for the 
Dispersal of Modern Humans 


M. V. Anikovich,* A. A. Sinitsyn,” John F. Hoffecker,** Vance T. Holliday,? V. V. Popov,* 
S. N. Lisitsyn,* Steven L. Forman,® G. M. Levkovskaya,” G. A. Pospelova,® |. E. Kuz’mina,’ 
N. D. Burova,* Paul Goldberg,® Richard |. Macphail,? Biagio Giaccio,*° N. D. Praslov* 


Radiocarbon and optically stimulated luminescence dating and magnetic stratigraphy indicate 
Upper Paleolithic occupation—probably representing modern humans—at archaeological sites on 
the Don River in Russia 45,000 to 42,000 years ago. The oldest levels at Kostenki underlie a 
volcanic ash horizon identified as the Campanian Ignimbrite Y5 tephra that is dated elsewhere to 
about 40,000 years ago. The occupation layers contain bone and ivory artifacts, including possible 
figurative art, and fossil shells imported more than 500 kilometers. Thus, modern humans 
appeared on the central plain of Eastern Europe as early as anywhere else in northern Eurasia. 


odern humans and their Upper Paleo- 
Mite industry (Aurignacian) spread 

rapidly across western and central 
Europe roughly 42,000 to 40,000 years ago; 
there is evidence for a slightly earlier influx in 
south central Europe (/). The early Aurignacian 
sites appear to represent the dispersal of modern 


East European Plain as early as anywhere i 

northern Eurasia, and it has implications for 

the timing and routes of modern human disp 
Kostenki is located ~400 km “Q 

Moscow on the west bank of the Per, 


which is deeply incised by ravines (ES 


ost 


RErORTS 


of the Paleolithic sites are found on | 


near the mouths or the upper reac hese 


ravines (10, /1), all of which active 
springs. A total of 21 sites—m em com- 
prising several occupation lev@{s—ggre known at 
Kostenki. An additiona). sev ites now are 
recorded near Borshc Mal kilometers to 
the southeast (//—/3) ( : 

The west bank of, Valley is composed 


d that unconformably 
4-16). Although several 
s (e.g., Kostenki 18) are 
terrace (30 to 40 m) in late 
Pleistocene at directly overlie Cretaceous 
sand, ese found on the second (15 to 
20 m (10 m) terrace (/0-/2). Sites that 
Cc in er Paleolithic artifacts dating to the 
iInt@rs | that correlates with Marine Isotope 

(60,000 to 30,000 years ago) are confined 

e second terrace. Alluvium of this terrace 
deposited by the Don River earlier than 
0,000 years ago and rests unconformably on the 
Devonian clay (/7). Above the alluvium is a 
sequence of interbedded lenses of silt, carbonate, 
chalk fragments, and organic-rich loam (“humic 
beds”) that date to ~50,000 to 30,000 years ago 


of Cretaceous mar’ 
overlie Devonia: 
Upper Paleolit 
located on 


humans from Africa into Europe [although their 
skeletal remains more than 30,000 years old are 
scarce in northern Eurasia (2)]. The initial spread 
of the Upper Paleolithic is difficult to date 
because this event lies near the limit of effective 
"$C dating and a major radiocarbon plateau (3). A 
volcanic ash deposited about 40,000 years ago 
(the CI tephra) provides a stratigraphic marker in 
parts of southern and eastern Europe (4). On the 
Don River in Russia, Aurignacian artifacts are 
buried within and beneath the CI tephra at 
Kostenki (5, 6). Below the tephra lie traces of a 
local Upper Paleolithic industry that appears to 
date as early as 45,000 to 42,000 years ago (7) 
and contains typical Upper Paleolithic tool forms, : 
personal ornaments, carved ivory (possible 4 
figurative art), and raw materials imported from ; <a 

distant sources (8, 9). The artifacts probably wer af 

made by modern humans, although skeleta te 

mains are confined to isolated teeth. The K: i | 
discovery indicates the presence of a ; 
veloped Upper Paleolithic industry o 1 


4nstitute of the History of Material Culture, rh of 

Sciences, 191186 St. Petersburg, Russia. 2| “Arctic and —- 
Alpine Research, University of Colorado, ) CO 80309, 
USA. *Departments of Anthropology and jences, Uni- 


versity of Arizona, Tucson, AZ 8572 . “Kosténki Museum- 
Preserve, 396355 Kostenki, Vaggibe: egion, Voronezh, 
Russia. "Luminescence Dating gamce Laboratory, Depart- 
ment of Earth and Enviro ciences, University of 
Illinois, Chicago, IL 60607 stitute of Earth Physics, 


Russian Academy 9, <Q) 123995 Moscow, Russia. 
"Zoological Institute* ‘ademy of Sciences, 199034 


y 


M15 terrace 
MM 2°49 terrace 


Ravine fill 


Valley/ravine walls 


Floodplain Loess-covered uplands ; Lada 
St. Petersburg, Russ rtment of Archaeology, Boston 
University, Boston, Or USA. Institute of Archaeology, 0 2Km 
University College L , London WC1H OPY, UK. ?°Istituto . : : » 


di Geologia Amfbientale e Geoingegneria—CNR, Consiglio 
e erche, 00133 Rome, Italy. 


spondence should be addressed. E-mail: 
@colorado.edu 


www.sciencemag.org SCIENCE VOL 315 


Blart Sew 


Borshchevo 


BS 


Fig. 1. Map of the Kostenki-Borshchevo area (14, 17), showing the location of Upper Paleolithic 
sites investigated during 2001—2004. Inset: location of Kostenki. 
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(18) (tables S1 and S2). Micromorphology 
analysis indicates that the carbonate is primary 
and probably derived from local springs and 
seeps, whereas the chalk fragments represent 
eroded Cretaceous marl washed and soliflucted 
from higher slopes (Fig. 3) (table $3). 

The humic beds are subdivided by the 
Campanian Ignimbrite (CI) Y5 tephra (5, 19). 
The CI tephra has an “°Ar/*Ar date of 41,000 
to 38,500 years ago and is stratigraphically 
correlated with the onset of Heinrich Event 4, as 
well as with Laschamps geomagnetic excursion 
and a related cosmogenic nuclide peak (4, 20). 
At Kostenki 12, sediment below the level of the 
ash horizon yielded optically stimulated lumi- 
nescence (OSL) dates of between 52,440 + 
3850 and 45,200 + 3260 years (table S4). 
Paleomagnetic measurements show that this 


Fig. 2. Excavations at Kostenki 14 in 2002, show- 
ing the north and east walls. 


Fig. 3. Stratigraphic profile 
of Kostenki 12 (east wall) 
showing the position of the 
humic beds, Cl tephra horizon, 
Laschamps excursion, and 
Upper Paleolithic cultural 
layers, as well as OSL dates 
and calibrated radiocarbon 
dates on charcoal. a 


& Cl TEPHRA 
LASCHAMPS EXCURSION 
& LOWER HUMIC BED 


MODERN CHERNOZEM 
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sediment contains the Laschamps excursion, 
which has been dated elsewhere to 45,000 to 
39,000 years ago (2/, 22). Calibration of con- 
ventional and AMS radiocarbon dates obtained 
on charcoal (23) with two long curves (24, 25) 
yields a similar chronology, although calibrated 
dates above and below the CI tephra are roughly 
2000 years younger than ages determined by 
other methods (table S5). 

Artifacts assigned to the Upper Paleolithic 
have been recovered from all levels of the humic 
beds (including the tephra horizon at Kostenki 
14) and indicate substantive occupation of the 
Kostenki area before 40,000 years ago. Human 
skeletal remains found below the tephra are con- 
fined to two isolated teeth, which are tentatively 
assigned to modern humans (Homo sapiens) 
(8, 9). More complete skeletal remains that can 
be firmly attributed to modern humans have been 
recovered from the humic layers (and a buried 
soil at Kostenki 1) above the CI tephra and date 
to >30,000 years ago (23). 

Although generally rare in eastern E 
assemblages that may be assigned to ~ 
gnacian industry are present at Kostergkg 
early Aurignacian assemblage contgi™ 
scrapers, /amelles Dufour, and orna 
and bone was recovered from Mephra at 
Kostenki 14 (Le., “0.000 ago) (6). 
Younger Aurignacian arfifgcts de associated 
with the buried soil above hra at Kostenki 
1 and date to ~30,000 y 

Occupation layers 


KOSTENKI 12 EAST WALL 


Aurignacian. Pollen stratigraphy at 
(which exhibits good agreement wi 
netic characteristics of the sedi dicates 
that the interbedded silts an ic loams 
containing these sents Copied dur- 


ing a series of warm and,cold ations during 


MIS 3 before the CI ery y 28). The period 
of maximum warmth c mds to the lowest 
artifact-bearing units nm the basis of strati- 
graphic position dates—is correlated 


with GIS 12 in 
estimated age 


and ice record (with an 
00 years in GISP2) (29), 
resent a lower limiting date 


for Upper ic occupation at Kostenki. 

A 0 Wpes of assemblages are found 
belo I tephra. At Kostenki 14, the 
lo ccupation level (Layer IVb) contains 
pi blade cores, bladelets, end-scrapers, 


, pieces ésquillées, and small bifaces. 
‘tone artifacts include bone points, antler 
tte 


ocks, worked ivory, and perforated shell 
rnaments (Fig. 4). One carved piece of ivory 
appears to represent the head of an (unfinished) 
human figurine (Fig. 4E) (8). At Kostenki 17, 
Layer II yielded large prismatic blades, numerous 
burins, end-scrapers, and some piéces ésquillées. 
Ornaments of stone were perforated with a hand- 
operated rotary drill (9). Nonstone items include 
bone points and awls and some worked ivory. 
These assemblages are associated with large num- 
bers of small and medium mammal remains— 
especially hare (Lepus tanaiticus), arctic fox 
(Alopex lagopus), and wolf (Canis lupus)—and 
some bird remains. The bones and teeth of large 
mammals, including horse (Equus latipes) and 


OSL Dates Radiocarbon Dates 


19,890+/-1730 (UIC-1418) 
25,770+/-2250 (UIC-1419) 


30,030+/-2210 (UIC-916) 


33,200 +/- 666 cal BP 
38,019 +/- 900 cal BP 


41,732 +/- 190 cal BP 
41,909 +/- 218 cal BP 


48,870+/-3650 (UIC-915) 41,340 +/-550 cal BP 


47,390+/-3470 (UIC-946) 
50,120+/-3630 (UIC-947) 
45,200+/-3260 (UIC-945) 


52,440+/-3850 (UIC-917) 


12 JANUARY 2007. VOL 315 SCIENCE www.sciencemag.org 


Fig. 4. Stone, ivory, and bone 
artifacts from the lowest Upper 
Paleolithic horizon at Kostenki 
(Kostenki 14, Layer IVb): (A to C) 
burins; (D) small bade fragments; 
(E) carved ivory fragment possibly 
representing the head of an un- 
finished human figurine; (F) blade 
core; (G) perforated fossil shell; 
(H) bone awl; (I) bone point. Scale 
bar = 5 cm. 


reindeer (Rangifer tarandus), are present but 
less common (30). 

The artifact assemblages below the CI 
tephra do not represent an Upper Paleolithic 
industry that is “transitional” from the local 
Middle Paleolithic, but rather an abrupt depar- 
ture from the latter. Prismatic blade technology 
is predominant and Middle Paleolithic artifact 
types are rare. Most of the stone used for arti- 
fact production was imported 100 to 150 km 
from its sources (9), and the perforated shells 
(Columbellidae) in the lowermost level at 
Kostenki 14 (Fig. 4G) apparently are derived 
from a source no closer than the Black Sea (i.e., 
transported >500 km) (8). Other raw materials 
include bone, antler, and ivory. Most note- 
worthy is the carved ivory piece that may 
represent an example of figurative art. Nove 


technologies include the rotary drill and Sas 
eg’ competitors might have played a role in the 


implication—devices for harvesting small 
(26). Although taxonomic assignment 
associated human teeth is tentative 
tents of this Upper Paleolithic indus 
that it was probably manufacture 
humans. 

Deposits below the CI tep Kostenki 
also yielded several artifaggassemMages that 
primarily contain vncag Paleolithic 
tool forms (e.g., side-s y bifaces) manu- 
factured on flakes (7). ack imported raw 
materials, bone-an artifacts, and art. 
The faunal ow fonfined to large mam- 
mals (30). Th@eSsemblages, which are 
assigned to | Os Strelets culture, are 
analogous fae “transitional” Upper Paleo- 


est 
modem 


lithic induS¥@gs of western and central Europe 
(especi e Szeletian), at least some of 
wh rently were produced by local 
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Neandertals (/, 26). The Stre ©.. are 


al remains 
ey may rep- 
other Kostenki 
ced by modern 
tchering of large 
ets assemblages are 
ra (7, 12). 
&., nontransitional) Upper 
in the lowest occupation 
1 14 and 17 appears to rep- 
on of modern humans onto the 
central uropean Plain several thousand 
years beffe their spread across western and 
easterjgEurope. It is not clear whether Nean- 
A. occupied the central East Europe- 
n at this time (although they were 
ent in other parts of eastern Europe) (26), 
d both climate and the presence of human 


not associated with any humar@ke 
and their makers are u n. 
resent an activity varian’ 
industry (i.e., probably¥fpr 
humans) related to 
mammals. Young 
found above th 
The develo, 
Paleolithic i 
levels of 
resent agg} 


early appearance of modern humans on the 
middle Don River. Also unclear is the rela- 
tionship between the Kostenki industry and 
the earliest dated Upper Paleolithic remains in 
south central Europe, which appear to be of 
comparable age (/, 4). Although broadly sim- 
ilar, the early Upper Paleolithic assemblages 
of each region may represent separate routes 
of dispersal for modern humans entering 
Europe. 
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Late Pleistocene Human Skull 
from Hofmeyr, South Africa, and 
Modern Human Origins 


F. E. Grine,?* R. M. Bailey,” K. Harvati,? R. P. Nathan,’ A. G. Morris,° 
G. M. Henderson,® |. Ribot,” A. W. G. Pike® 


The lack of Late Pleistocene human fossils from sub-Saharan Africa has limited paleo 
testing of competing models of recent human evolution. We have dated a skull from 
South Africa, to 36.2 + 3.3 thousand years ago through a combination of optically 
luminescence and uranium-series dating methods. The skull is morphologically m 


displays some archaic features. Its strongest morphometric affinities are with Upp lithic (UP) 
Eurasians rather than recent, geographically proximate people. The Hofmeyg ganiunt is consistent 
with the hypothesis that UP Eurasians descended from a population that e from sub- 


Saharan Africa in the Late Pleistocene. 


ost genetic studies indicate that all 
M cestsro humans owe their an- 

cestry to a sub-Saharan African pop- 
ulation, extant between 100 and 200 thousand 
years ago (ka) (/-3). A number of genetic 
studies further suggest that modern humans left 
sub-Saharan Africa in the Late Pleistocene, 
between 65 and 25 ka (/—6). The middle of this 
range (~45 to 35 ka) corresponds not only with 
the appearance of Later Stone Age (LSA) 
industries in sub-Saharan Africa (7) but also 
with the earliest Upper Paleolithic (UP) in 
tries and human skeletons in Eurasia 
However, other genetic data appear to s 


these data have bee 
sistent with ai 
ciated with ar 


reted as being incon- 
tion bottleneck asso- 

ican exodus (9, /0). 
ontological record might be 
tions from these hypotheses. 
ta tend to differentiate recent 
tions in accord with their geograph- 
ms and genetic relationships (//—/5). 
UP crania do not particularly resemble 
lier Eurasian Neandertals (/6), nor are 
ecially similar to recent human crania 
Sub-Saharan Africa (/2). Thus, we should 
me fot expect to see any special similarity between 
ta” the UP Eurasians and contemporaneous sub- 
substantial non-African contributions Saharan Africans in the absence of a Late 

genomes of modern human Ponca Pleistocene exodus from sub-Saharan A frica. 
Although there are several variably complete 


n 


‘Departments of Anthropology and Anat | Sciences,  crania from North Africa that date to between 
a ee oa Ane NY 64, ai about 40 and 20 ka (from Dar es Soltan, Morocco; 
School of Geography and the Enviro niversity o : : 

Oxford, South Parks Road, Oxford, OX UK. ?Max and Nazlet Khater and Wadi Kubbaniya, Egyp t), 
Planck Institute for Evolutionary opolody, Deutscher the only sub-Saharan specimen in LSA context 


Platz 6, 04103 Leipzig, German 
Archaeology and the History 
South Parks Road, Oxford, 
Human Biology, Universit 
Cape Town, South Afric rtment of Earth Sciences, 
University of Oxford; Road, Oxford, OX1 3PR, UK. 
"Département d'A gie, Université de Montréal, 
CP 6128, sas cre, Montréal, Québec H3C 


3]7, Canada. ®Depa t of Archaeology and Anthropolo- 


that has been claimed to pre-date 20 ka is an infant 
mandible from Origstad Shelter, South Africa, 
and it may be substantially younger (/7). The lack 
of Late Pleistocene human remains from sub- 
Saharan Africa has resulted in an inability to test 
competing models of human evolution (/8). 

We report on a nearly complete human 
cranium from Hofmeyr, South Africa, and its 


ch Laboratory for 
niversity of Oxford, 
, UK. Department of 
own, Observatory 7925, 


gy, Universit Bristol, 43 Woodland Road, Bristol, BS8 : : 

1UU, UK. dating to 36.2 + 3.3 ka. The skull was discovered 
*To A © para should be addressed. E-mail: in 1952 in a dry channel bed of the Vlekpoort 
fgri SN. sunysb.edu River (25°58'E, 31°34'S) near the town of 


Hofmeyr, ape Province, South Africa. 
The ¢ lal@avity, orbits, nasal cavity, and 
palate led with an indurated carbonate- 


- No other bones or archaeological 
ere reportedly found in the vicinity at 
e of the skull's discovery, and within a 
le, the channel had become filled by silt, 
r the construction of an anti-erosion weir 

ownstream. This precludes any possibility of 
locating the original position of the specimen or 
of directly dating the surrounding sediments. 

In the 1960s, a substantial portion of the left 
parietal bone was removed, presumably in an 
attempt to obtain a radiocarbon date, although no 
date has ever been published. Another, smaller 
bone sample was submitted by us to the 
University of Oxford Radiocarbon Accelerator 
Unit to assess its amenability to accelerator mass 
spectrometry (AMS) 'C dating, but it lacked 
sufficient collagen for an accurate age determina- 
tion (79). Instead, we estimated the burial age of 
the skull by dating the residence time of the matrix 
filling the endocranial cavity, using a combina- 
tion of optically stimulated luminescence and 
uranium-series dating methods, coupled through a 
radiation-field model. The length of time between 
death and incorporation of the sediment within 
the skull is expected to be short, because the loss 
of organic material after death would be rapid 
(days to months). Furthermore, the skull's rela- 
tively good state of preservation suggests that it 
had neither been uncovered long before nor 
transported any substantial distance before its 
discovery (the force required to scour the inner- 
most sediments would certainly have resulted in 
substantial damage). Additional evidence for a 
single infilling episode comes from the con- 
sistency of the dates determined from the samples 
of endocranial matrix. 

The signals measured in luminescence dating 
are a consequence of the absorption by mineral 
grains of ionizing radiation from low concen- 
trations of radionuclides that are naturally present 
in the sediment and from cosmic rays (20). 
Luminescence dating methods provide estimates 
of the total ionizing radiation dose [D,, in units of 
grays (Gy)] absorbed by sediment (in this case 
quartz) grains since their burial. Estimation of 
burial age is possible if the radiation dose rate (D’, 
in units of Gy/ka) is known. In the simplest case, 
where D’ is constant in time, age = D,/D’. Three 
samples of endocranial sediment were extracted 
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under red-light conditions from the central portion 
of the endocranial cavity, and successful measure- 
ments of D. were made on aliquots of refined 
quartz from each sample. Estimation of D' for the 
sampled grains is more complex than is typically 
the case in luminescence dating, due mainly to the 
presence of carbonate in the sediment and to a 
measured disequilibrium in the U decay series. 
Carbonate has the potential to reduce D’ by ra- 
diation attenuation or to increase it by the 
incorporation of mobile U. A further complication 
is that bone adsorbs mobile U; thus, the skull itself 
may contribute an additional local y-dose com- 
ponent to D’. These factors combine to give both a 
time and space dependence to D’. The date of 
carbonate formation was assessed as 24.0 + 5.2 ka 
with the use of a Th/U isochron (2/), and the 
deposition of energy within the interior of the 
skull (giving D’) during burial was modeled with a 
three-dimensional (3D) Monte Carlo radiation 
transport model (22, 23) (with the model geom- 
etry defined with data from a computed tomog- 
raphy scan of the skull). From this modeling, the 
time required for the total radiation dose (defined 
by the luminescence measurements) to have been 
absorbed by the quartz grains could be estimated, 
yielding ages for the three samples of 40.9 + 4.2, 
33.0 + 2.5, and 34.7 + 3.4 ka. These combine as 
36.2 + 3.3 ka (lo) for the depositional age of the 
endocranial sediment (24). 

The skull has suffered post-recovery mishan- 
dling, with the resultant loss of the anterior part of 
the lower facial skeleton, the angle of the man- 
dible, the mastoid process of the right temporal, 
and much of the occipital. However, it was 
photographed and measured before this damage 
(Fig. 1), and there is no distortion of the remaining 
parts of the cranium. We incorporated the missing 
parts from these photographs and used measure- 
ments recorded before the damage. 

The Hofmeyr skull is fully adult; the coronal 
suture is obliterated and the third molars are 
heavily worn. It suffered antemortem trauma to 


a healed or partially healed depressed fractyre 
This crushing, together with associated b 
exostoses along its posterior margin, exa g 
the thickness of the frontal process of 


gomatic. The anterior surface of the gy: - 
’ 


the lateral margin of the right orbit, which exhibits & 


orbital torus appears to have been cut 


of the neurocranium, 
ements of the facial 
skeleton, lie at two standard deviations 
(SD) of the m or modern African males, 
whereas thqy lie within these limits for Late 
Prestocen Agi from Eurasia and North Africa 
(table ‘ow nasal bones are bounded by 
ve ~15.0 mm), relatively flat frontal 
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processes of the maxillae. The pyriform aperture 
is broad in comparison to that of most Eurasian UP 
crania. The infraorbital plate is tall and flat and lacks 
an inframalar curve. As such, it differs from the 
condition that characterizes recent southern African 
crania (/2, 25). Frontal and parietal thickness (6 
to 7 mm) is comparable to that of recent humans. 

The glabella projects to a greater degree than 
in modern Africans but is comparable to that of 
UP crania. The supraorbital tori of Hofmeyr are 
moderately well developed and continuous, 
lacking the separation of the medial supraorbital 
eminence and lateral superciliary arch that is 
characteristic of recent humans. Although the 
supraorbital torus is comparable in thickness to 
that in UP crania, its continuous nature represents 
a more archaic morphology (26). In this regard, 
Hofimeyr is more primitive than later sub-Saharan 
LSA and North African UP specimens (such as 
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Lukenya Hill and Wadi Kubbaniya), e 
they may have a somewhat thicker 
orbital eminence. Despite its glabe 


hibits only incipient frontal si 
condition that is unco 
crania (27). 

The mandibular ram’ 
gonial angle, and the, 
equivalent in hei: 


a well-developed 
coronoid process is 
e condyle. The man- 


dibular (sigmoid is deep and symmetrical, 
and its crest i s the lateral third of the 
condyle. for margin of the ramus is 
damaged, _b lear that there was no retro- 
molar 


yr molars are large. The bucco- 
ter of M’ exceeds recent African and 
sample means by more than 2 SD 


$3). Radiographs reveal cynodont molars, 


Fig. 1. The Hofmeyr skull in facial (top row), right lateral (middle row), and superior (bottom row) 
views as it appeared in 1968 and 1998. Note the initial state of preservation of the skull, and the 
antemortem damage to the supraorbital torus and lateral margin of the right orbit. 


12 JANUARY 2007 


227 


j REPORTS 


228 


although pulp chamber height is likely to have 
been affected by the deposition of secondary 
dentine in these heavily worn teeth. 

Thus, Hofmeyr is seemingly primitive in 
comparison to recent African crania in a number 
of features, including a prominent glabella; mod- 
erately thick, continuous supraorbital tori; a tall, 
flat, and straight malar; a broad frontal process of 
the maxilla; and comparatively large molar 
crowns. Hofmeyr is contemporaneous with later 
Eurasian Neandertals, but it clearly does not 
evince the cranial and mandibular apomorphies 
that define that clade (28). This is not surprising, 
given its geographic location. Although Hofmeyr 
is similar in size to Eurasian UP crania, it differs 
from them in other respects (such as its broad nose 
and continuous supraorbital tori). 

In order to assess the phenetic affinities of 
Hofmeyr to penecontemporaneous Eurasian UP 
and recent humans, we conducted multivariate 
morphometric analyses of 3D landmark co- 
ordinates and linear measurements of crania 
representing these populations. We digitized 19 
3D coordinates of landmarks that represent as 
fully as possible the currently preserved anatomy 
of the Hofmeyr skull (table S4). These were 
compared with homologous data for recent 
human samples from five broad geographic areas 
(North Africa, sub-Saharan Africa, Western 
Eurasia, Oceania, and Eastern Asia/New World). 
The sub-Saharan sample was divided into Bantu- 
speaking (Mali and Kenya) and South Afiican 
Khoe-San samples. The latter are represented in 
the Holocene archaeological record of the 
subcontinent, and inasmuch as they are the oldest 
historic indigenes of southern Africa, they might 
be expected to have the closest affinity to 
Hofineyr (/2). The North African sample con- 
sists of Epipaleolithic (Mesolithic) individuals 
that provide a temporal depth of approximately 
10,000 years. The 3D data were also compared 
for two Neandertal, four Eurasian UP, and one 
Levantine early modern human fossils (table S5). 


The landmark coordinate configurations ie 


each specimen were superimposed with the > 
of generalized Procrustes analysis and analy’ 


with a series of multivariate statistical - > 


niques (29). 
Hofmeyr falls at the upper ends » cenit 
sub-Saharan African sample ranges an the 


upper parts of all other recent h sample 
ranges in terms of centroid size 6). In a 
canonical variates analysis of andmarks 
(Fig. 2), axis 1 separates the gab-Sahi African 
samples from the others, 


differentiate the UP 
homologs. Hofmeyr cl 


and although it falls 

on both axes, ~ le the 95% confidence 
ellipse for the “a. sample and barely within 
the limits of the sub-Saharan African sample. 
These canorgeal axes are weakly correlated with 
centroid si ich emphasizes that the similarity 
betwee eyr and the UP sample is due only 
in 0 similarity in size. 


Fig. 2. Canonical var- 
iates analysis of recent 
and fossil samples show- 
ing 95% confidence el- 
lipses for recent samples. 
Symbol abbreviations 
are as follows: HOF 
(Hofmeyr), EUP (Eurasian 
Upper Paleolithic), EMH 
(Skhul 5 early modern 
human), and NDT (Nean- 
dertals). Ellipses repre- 
sent 95% confidence 
ellipses for recent human 
samples: SAN (South Af- 
rican Khoe-San), AFR (sub- 
Saharan Africa), WEU 
(Western Eurasia), OCE 
(Oceania), and EAS (East 
Asia/New World). 
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Fig. 3. Phenetic affinities of the Hofmeyr (HOF) cranium determined from 3D coordinates landmarks. 
(A) UPGMA tree based on Mahalanobis D* distances (corrected for unequal sample sizes) among 
samples. (B) Minimum spanning tree representing the closest links based on the total variance of all 21 
principal components from which the canonical variates analysis was calculated. Sample abbreviations 
are as follows: AFR (sub-Saharan Africa), EAS (East Asia/New World), EMH (early modern human = 
Skhul), EUP (Eurasian Upper Paleolithic), NAE (North African Epipaleolithic), NDT (Neandertal), OCE 
(Oceania), SAN (South African Khoe-San), and WEU (Western Eurasia). 
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Mahalanobis squared distances among sam- 
ples were calculated to establish the group to 
which Hofimeyr has the greatest similarity (table 
S6). Hofmeyr shows low posterior and typicality 
probabilities for all recent humans, but much 
higher probabilities for the UP sample (posterior 
0.76, typicality 0.43). The unweighted pair group 
method with arithmetic average (UPGMA) cluster 
and 3D minimum spanning trees calculated from 
the Mahalanobis generalized (D*) distances 
highlight Hofmeyr’s phenetic affinity to the UP 
specimens and its distinction from recent sub- 
Saharan A fricans (Fig. 3). The high success rate of 
cross-validation classification lends confidence to 
these results: ~ 80% of recent human crania are 
correctly classified to their geographic sample 
when this approach is used (29). 

We sought to further assess the relationship 
between the Hofmeyr cranium and samples of 
various recent sub-Saharan Africans (1 = 263) and 
Europeans (n = 24) and a small sample of UP 
Eurasians (7 = 5), using eight linear dimensions of 
the face and cranial vault (table S7). The recent 
sub-Saharan African samples consisted of several 
Bantu-speaking groups that were combined be- 
cause no significant differentiation among them 
was observed through analyses of variance. 

The craniofacial variables were size-adjusted by 
transforming them into Z- and C-scores following 
Howells (//) and were analyzed by factor analysis 
with varimax rotation following Ribot (/3). 
Analyses of variance of the regression factor scores 
indicate that factor 2 provided the greatest differen- 
tiation among the comparative samples. Therefore, 
this was used preferentially to identify the position 
of Hofmeyr vis-a-vis the 95% confidence ellipses 
of these samples. Hofmeyr is encompassed by the 
variation exhibited by Late Pleistocene Eurasian 


Fig. 4. Plot of regression factor 
scores of linear measurements 
recorded for Hofmeyr (HOF, star), 
Eurasian UP crania (EUP, triangles), 
and recent Khoe-San (SAN), sub- 
Saharan African (AFR), and Western 
Eurasian (WEU) samples. The 95% 
confidence ellipses for the UP and 
recent samples and the centroids 
of the recent samples (letters S, 
A, and E) are shown. This analysis 
expresses 50% of the total variance 
in the first two factors (factor 1 
29%, factor 2 = 21%). Fac 

1 accounts for 68% of the variance 
of upper facial height (C-ufh 
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crania (Fig. 4). It is also encompassed by the 95% 
confidence ellipse of the recent Khoe-San and sub- 
Saharan Bantu-speaker samples, but falls just 
beyond the 95% confidence ellipse of recent 
Europeans. These observations are supported by 
the proximity matrix of squared Euclidean distances 
derived from the regression factor scores, which 
reveal the UP Eurasian sample as closest to 
Hofimeyr (table S8). 

Hofimeyr and the UP Eurasian specimens tend 
to have comparatively high loadings on factor 2, 
which is indicative of a trend toward relatively 
longer crania with relatively shorter orbits than those 
in recent populations from these same geographic 
areas. This perhaps attests to a common trend for 
change in craniofacial shape over the past 36,000 
years in both Eurasia and sub-Saharan Africa. 

The results of the 3D geometric and linear 
morphometric analyses suggest that Hofmeyr 
shares close affinity with Eurasian UP specimens 
but is more distant from recent sub-Sahar: 
African populations. These analyses emphagg 
that neither large absolute size nor allometri 
related shape similarities are responsible 
relationship seen between Hofmeyr, e- 
contemporaneous Eurasian UP skulls 

The placement of Hofmeyr wit 
crania rather than with recent 
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craniometric data to di recent human 
populations in accord geographic and 
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Saharan Afric 
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fe Late Pleistocene. The 
ords potential insights into 


the morngy such a population. 
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oB and yé T cells originate from a common, multipotential precursor population in the thymus, 
but the molecular mechanisms regulating this lineage-fate decision are unknown. We have 
identified Sox13 as a y6-specific gene in the immune system. Using Sox13 transgenic mice, we 
showed that this transcription factor promotes v6 T cell development while opposing af T cell 
differentiation. Conversely, mice deficient in Sox13 expression exhibited impaired development of 
75 T cells but not af T cells. One mechanism of SOX13 function is the inhibition of signaling by the 
developmentally important Wnt/T cell factor (TCF) pathway. Our data thus reveal a dominant 
pathway regulating the developmental fate of these two lineages of T lymphocytes. 


cells of the af and yé lineages arise at 
| different stages of ontogeny, preferential- 
ly localize to specific tissues, and per- 
form distinct and overlapping immune functions 
(/, 2). However, aside from their distinct cell- 
surface antigen-specific T cell receptors (TCRs), 
relatively little is known about the molecular 
characteristics that distinguish them. A central 
question in understanding how the two lineages 
of T cells arise is whether lineage choice in 
uncommitted progenitors is directed by distinct 
instructional signals from the ySTCR or the 
preTCR (a complex of TCRB and the surrogate 
o. chain) (3, 4), or if precursors are pre-committed 
to either lineage before TCR expression (5, 6). 
Because definitive markers to distinguish aB 
and y6 lineages before TCR expression have 
been lacking, this question has been difficult to 
resolve. 

To investigate the lineage-fate decision 
process at the molecular level, we screened for 
transcription factors (TFs) that were differential- 
ly expressed between of and y6 thymocytes and 


TF (7), is a yd T cell lineage—restricted mole 
(Fig. 1A) (8). T cell progenitors that seed 
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ocytes (Fig. 1E) (7), 
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Res 1) whose expression is 
dependent ntional DP thymocytes (9). 
Soxl3 ex is also not linked to the 
speci ti@i state of lymphocytes shared 
by “ ntional” lymphocytes because it 
ie. Oy essed in o/B intestinal intraepithelial 
1 es (IELs) (Fig. 1C). Further, Sox/3 
sion is not linked to TCR rearrangement 
pression, indicating that Sox/3 expression 
he immune system strictly correlates with T 
ell sublineage but not TCR type (fig. S1). 
Expression of Sox/3 in TN2 cells is 
consistent with its potential role in early yé6 T 
cell development. These precursors do not ex- 
hibit substantial levels of TCR gene rearrange- 
ment, and we have previously shown that the 
developmental potential of TN2 cells is hetero- 
geneous (/0). These data, in combination with 
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Fig. 1. Sox13 expression in thymocytes. (A) Reverse transcription polymerase chain reaction (RT- 
PCR) assay for Sox13 expression in TN, DP, and y6 thymocytes from WT mice. (B) Semiquantitative 
RT-PCR (sqRT-PCR) to determine relative amounts of Sox13 mRNA in TN subsets from WT mice. 
TN1, CD44*CD25 TN; TN2, CD44*CD25*1N; TN3, CD44-CD25*TN. (C) RT-PCR for Sox13 
expression in CD8*TCRB* and CD8*TCRS* IELs, CD4* and CD8* of T cells, natural killer (NK) 
cells, and B cells. ND, not done. (D) sqRT-PCR for expression of indicated genes in DP and y6 T cells 
of WT mice. (E) sqRT-PCR for Sox13 expression in DP and v5 thymocytes from TcrB~ mice. (F) 
Representative RT-PCR for Sox13 and Tcf1 expression in sorted single c-kit*CD44*CD25* TN2 thymocytes 
from WT mice (n = 3 independent experiments). The numbers above the lanes indicate individual clones. 
All 13 B-actin® single cells were Tcf1*, whereas 13 of 28 B-actin® cells expressed Sox13. 
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another recent documentation of the develop- 
mental heterogeneity at the TN2 stage (//), 
suggest that some lineage commitment has 
already occurred at the TN2 stage. To determine 
whether expression of Sox/3 marks a distinct 
subset of T precursors, we first established the 
frequency of Sox/3-expressing cells among 
single TN2 cells. Whereas 100% of single TN2 
cells expressed Tcf7, Sox]3 expression was 
detected in only 46% of the clones (Fig. 1F). 
This result indicates that Sox/3 expression is 
restricted to a subset of TN2 cells, and the de- 
termined frequency of Sox/3-expressing TN2 
cells correlates well with the frequency of bi- 
potent or y6-lineage—testricted adult TN2 cells, as 
determined by an in vitro assay (//). At the 
population level, a TN2 subset biased toward the 
y6 lineage expressed more Sox/3 than did the aB- 
lineage—biased TN2 subset (fig. S2). These 
results support the prediction that Sox/3 expres- 
sion marks cells more likely to become y6 T cells. 

To assess the function of SOX13 in yé- 
versus oB-lineage development, we generated 
transgenic (Tg) lines that overexpressed Sox/3 
in thymocyte precursors. af-lineage develop- 
ment was ablated in Sox/3Tg embryonic day 17 
(E17) fetuses as compared to littermate controls 
(LMCs) because DP cells were absent. In 
contrast, y5 cells developed normally (Fig. 
2A). a8 T cell-lineage development remained 
impaired in adult Sox/3Tg mice (4 to 8 weeks 
old), with a decrease in the proportion and 
number of aB thymocytes when compared to 
LMCs. of DP cell numbers were reduced by 10- 
to 50-fold , depending on the age and founder 
lines (Fig. 2, B and C). Again, despite an 
increase in the percentage of y6-lineage cells in 
SoxI3Tg mice, the absolute number of these 
cells was comparable to that in the LMCs (Fig. 
2, B and C). 

Some HMG TFs have been implicated in 
the modulation of the cell cycle and in survival 
(12-14). Accordingly, there was a 2.5-fold 


ration in the TN cells in Sox/3Tg mice,a 


decrease in bromodeoxyuridine (BrdU) =o 


compared to LMCs (Fig. 2D). Because the i~ 
| 


majority of proliferating TN cells in the 
thymus are of-lineage preTCR™ th 
these results suggest that SOX13 oo e 
proliferative burst associated with the ‘ 
TN-to-DP developmental transitioné 
a greater than twofold increase i 
of apoptosis was observed in the 
thymocytes of Sox/3Tg micegglative TYLMCs, as 
evidenced by the or a of cells ex- 
pressing Annexin V, an ker of apoptosis 
(Fig. 2E), suggestin OX13 regulates 
cell survival. Conc 'y, the deficit in DP 
thymocytes in mice was partly re- 
versed by the ion of an anti-apoptotic 
Bcl2 transgene 3). 


To test yhether SOX13 is also required to 
impose a ineage molecular differentiation 
progr: eveloping T cells, we compared 


expression profiles of sorted aB- 
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lineage DP thymocytes from Sox/3Tg mice and 
LMCs. The majority of differentially expressed 
genes [70 or 57% of genes whose expression 
was decreased or increased, respectively, in 
Sox13Tg DP cells relative to the baseline wild- 
type (WT) DP cells] were also the genes dif- 
ferentially expressed between normal y6 and af 
DP thymocytes (Fig. 2F and fig. S4). The most 
notable gene among the differentially expressed 
genes was that encoding TCRy, the prototypic 
y6 T cell—lineage marker, whose expression is 
normally silenced in af-lineage DP cells but was 
expressed in developing of cells in Sox/3Tg 
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mice. These findings suggest that enjgitcB@pex- 
pression of SOX13 in af-line Is is 
sufficient to impose some aspe he yd- 
lineage molecular trait. 

The phenotype of Sox/ 1 OF resembled 
that of mice lacking Tycell r 1 (TCF1), 
another HMG TF esseyp! Tcell-lineage 
development (/2, 15, eed, the expres- 
sion of the Vy2-Jy rearrangement was 
evident in a6 Tc fl’ mice (Fig. 3A), 
suggesting that g&je“Qinction of TCF1 is to 


repress TCR expression in of-lineage 
cells. In “> 
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Fig. 2. SOX13 inhibits oB-lineage development. (A) Thymocytes from E17 LMC and Sox13Tg 
fetuses were analyzed by flow cytometry for aB- (CD4 and CD8) and yé6- (TCRS and Vy3) lineage 
markers. The profiles are representative of three litters of two Tg lines. (B) Thymocytes from adult 
LMC and Sox13Tg mice analyzed as in (A), except for TCR6 staining results, which indicate 
proportions in CD4CD8& thymocytes. Representative results of multiple mice (from two to more 
than seven) per Tg founder are shown. Seven of nine Tg founder lines showed defects in T cell 
development. (C) Numbers of thymocyte subsets from LMC (solid bars, n = 7) and Sox13Tg (open 
bars, n = 8) mice. Error bars indicate SD. (D) BrdU incorporation (1-hour pulse) in thymocytes from 
LMC and Sox13Tg mice. The circles represent BrdU incorporation in individual mice; the bars 
represent the mean value. (E) Cell-surface Annexin V on thymocytes from LMC (solid bars, n = 4) 
and Sox13Tg (open bars, n = 4) mice. Error bars indicate SD. (F) sqRT-PCR of TN and y6 thymocytes 
from WT mice and DP thymocytes from LMC and Sox13Tg mice to confirm select genes altered in 
S0x13Tg DP thymocytes identified by Affymetrix arrays (fig. $4). 
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lineage-specific Cd4 gene expression (/7), and 
SoxI3Tg mice exhibited diminished CD4 ex- 
pression on neonatal DP thymocytes (fig. S5), 
suggesting an antagonistic interaction between 
SOX13 and TCF1. 

The activity of TCF1 is induced by canon- 
ical Wnt signaling by its association with the 
coactivator B-catenin (/2, 18, 19). Some Sox 
genes have been shown to influence Wnt sig- 
naling (20, 2/), and we tested the possibility that 
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Fig. 3. SOX13 antagonizes TCF1. (A) sqRT-PCR of 
rearranged Vy2-Jy1 gene expression in of T cells from 
Tof1" and Tcf1~~ mice. (B) SOX13 inhibits TCF1 transcrip- 
tion activation. 293T cells were transfected with a firefly 
luciferase plasmid regulated by TCF1 concensus binding 
sites (solid bars) or mutated TCF1 consensus DNA binding 
sites (open bars), along with constitutively active B-catenin 
and increasing amounts of Sox13 expression vector. Renilla 
luciferase served as a transfection control. Error bars 
indicate SD. (C) SOX13 inhibits TCF1-controlled Ly49a gene 
transcription. EL4 cells were transiently cotransfected with a 
promoterless Luciferase plasmid (—) or the luciferase 
plasmid containing the 5’ promoter region of the Ly49a 
gene (+), along with increasing concentrations of Sox13 
expression vector. Error bars indicate SD. (D) SOX13 binds to 
the N terminus of TCF1 and not to B-catenin. (Left) 293T 
cells were transfected with (+) or without (-) SOX13-V5 and 
TCF1 isoforms. Immunoprecipitations (i.p.) of cell lysates 
with monoclonal antibody (mAb) to V5, followed by anti- 
TCF1 Western blot (top left) and anti-V5 Western blot 
(middle left) are shown. (Bottom left) Anti-TCF1 Western blot 
of input whole-cell lysate (WCL). (Center) SOX13 does not 
bind to B- or y-catenin. 293T cells transfected with SOX13- 
V5 and Myc—B-catenin or Myc—y-catenin were analyzed. I.p. 
of lysates with mAb to V5, followed by anti-Myc Western 

(top center) and anti-V5 Western blot (middle cente 
shown. The bottom center panel shows anti-Myc Wegte 
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SOX13 functions, in part, by antagonizing 
TCF1. 293T cells express TCF1 and signaling- 
competent B-catenin in sufficient amounts to 
activate transcription of a Luciferase reporter 
gene controlled by TCF binding sites (22). 
SOX13 inhibited this reporter gene activation 
in a dose-dependent manner (Fig. 3B). Further, 
SOX13 could down-modulate expression of 
Ly49a, a known in vivo TCFI target gene 
(23), in EL4 T cells (Fig. 3C). 
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We next examined the mechanisr 
SOX13 suppresses TCF 1 function. I 
SOX13 was shown to bind full-le 
p45 isoform), but not N-termina) 
(p33) that lacks the B-catenin fterggtion domain 


(Fig. 3D). Moreover, po e ce of direct 
SOX13 interaction “yt or its related 
protein, y-catenin, was d (Fig. 3D). Hence, 
SOX13 is the first Ay of a lineage-specific 
Wnt/TCF1 anta at acts by directly 
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Fig. 4. Sox13 deficiency impairs y6 T cell development. (A) Representative flow cytometric 
profiles of thymocytes from E18.5 Sox13**, Sox13*-, and Sox13 fetuses for oB- and yé- 
lineage markers on total and CD4 CD8™ thymocytes, respectively. (B) Numbers of yé cells from 
S0x13** (n = 3), Sox13* (n = 11), and Sox13~ (n = 13) fetuses. Error bars indicate SD. (C) 
Ratio of the number of mature oB-lineage cells (CD4*CD8~ and CD4 CD8* thymocytes) to the 
number of 6 cells. Error bars indicate SD. (D) BrdU incorporation (1-hour pulse) in thymocytes 
from Sox13*"* (black bars, n = 3), Sox13*” (gray bars, n = 5), and Sox13~~ (open bars, n = 6) 
E18.5 mice. * indicates P < 0.05. Error bars indicate SD. 
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binding and presumably sequestering TCF1 
and/or modifying its activity. 

To determine whether SOX13 is necessary 
for y5 T cell development, we generated Sox/3- 
deficient mice. Because of as-yet-uncharacterized 
developmental abnormalities in postnatal Sox]3~ 
mice (fig. S6), we determined the effect of 
Sox13-deficiency during embryonic develop- 
ment where there are no overt developmental 
defects. No significant differences were ob- 
served in the proportions of aB-lineage thymo- 
cytes at E18.5 (Fig. 4A). However, there was a 
gene dose-dependent decrease in the number 
and proportion of ySTCR* cells in Sox]3*”” and 
Sox13” mice as compared to LMCs (Fig. 4, A 
and B), resulting in a significantly increased ratio 
of the absolute number of mature of-lineage 
thymocytes relative to ySTCR™ thymocytes 
(Fig. 4C). This adverse effect of Sox/3 de- 
ficiency on yé T cell development was evident 
despite the fact that Sox/3" mice expressed 
Sox5, the closest relative of Sox/3 (24), whose 
expression pattern is identical to that of Sox/3 
during mouse T cell development (fig. S6). In 
addition, Sox/3 y8 and TN thymocytes ex- 
hibited significantly enhanced rates of prolifer- 
ation (Fig. 4D), a corollary finding to reduced 
proliferation of TN thymocytes in Sox/3Tg 
mice (Fig. 2E). These results indicate that the 
developing y6 thymocytes are extremely sensi- 
tive to the levels of SOX13 and that SOX13 is 
necessary for normal y6 T cell development. 
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Sox13 is the first true yé-lineage—specific 
TF identified that is necessary for normal yé 
T cell development. The heterogeneous ex- 
pression of Sox/3 in TN2 cells, combined 
with the asymmetry in the developmental 
potential of the TN2 subset, indicates that 
some lineage separation had occurred before 
TCR rearrangement. The silencing of Sox/3 
expression may constitute an initial step in 
the elaboration of the of-lineage molecular 
program. Although this conclusion does not 
preclude the influence of possibly distinct 
ySTCR and preTCR signaling modules in 
subsequently reinforcing or modifying the 
lineage-fate decision, the ability of SOX13 
to antagonize TCF1 suggests that a simple 
on/off switch controlling the magnitude of 
Wnt/TCF1 signaling may be an early, critical 
regulator of the binary T cell—fate decision 
process. 
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j Me ction of biological networks. Although network 
many cases, the quantitative parameters 

Measuring affinities of molecular interactions in 

, especially for transient and low-affinity interactions. 
ui¥c platform that measures such properties on the basis of 
ctions. With this platform we characterized DNA binding 
ranscription factors; these landscapes were used to test basic 
binding and to predict their in vivo function. 


work topologies are becoming well character- 
ized, information about the elements comprising 
these networks has remained minimal and in the 
realm of low-throughput biology. In order to 
model and predict the behavior of these 
complex systems, the underlying interactions 
between elements will have to be quantitatively 
characterized. 

Quantifying the affinities of molecular inter- 
actions is a considerable technical challenge. 


First, any particular biological interaction is 
governed by a large number of variables. There- 
fore, obtaining equilibrium dissociation con- 
stants requires one to perform dozens of assays 
as the concentrations of various components are 
systematically varied, increasing the number of 
measurements needed in an already logistically 
challenging problem. A second and more fun- 
damental problem is the fact that many molec- 
ular interactions are transient and exhibit 
nanomolar to micromolar affinities, leading to 
rapid loss of bound material or little bound 
material in the first place. These factors are 
problematic for high-throughput methods such 
as yeast two-hybrid (6) and tandem affinity 
purification mass spectrometry (4, 5), where 
transient interactions are frequently missed. 
Protein-protein (//) and protein-DNA binding 
microarrays (PBMs) (/2-/4) are especially 
susceptible because of their stringent wash 
requirements, causing rapid loss of weakly 
bound material. Protein arrays have been 
applied to quantify ligand—ErbB receptor inter- 


1Biochemistry and Molecular Biophysics Option, California 
Institute of Technology, 1200 East California Boulevard, 
Pasadena, CA 91125, USA. Department of Bioengineer- 
ing, Stanford University and Howard Hughes Medical 
Institute, 318 Campus Drive, Stanford, CA 94305, USA. 


*To whom correspondence should be addressed. E-mail: 
quake@stanford.edu 


12 JANUARY 2007 


233 


j REPORTS 


234 


actions (//), with off rates determined by 
surface plasmon resonance to be on the order 
of 10 *s ' (15). PBMs have been applied in a 
semiquantitative manner to transcription factor 
(TF) motif analysis for high-affinity interac- 
tions, with off rates on the order of 10° s! 
(12-14). 

We developed a high-throughput microflu- 
idic platform (Fig. 1) capable of detecting low- 
affinity transient binding events on the basis of 
the mechanically induced trapping of molecular 
interactions (MITOMI), which eliminates the 
off-rate problem facing current array platforms 
and allows for absolute affinity measurements. 
We used MITOMI to map the binding energy 
landscapes of four eukaryotic TFs belonging to 
the basic helix-loop-helix (bHLH) family by 
collecting over 41,000 individual data points 
from more than 17 devices and covering 
titrations over 464 target DNA sequences. These 
binding energy topographies allowed us to (i) 
predict in vivo function for two yeast TFs, (ii) 
make a comprehensive test of the base additivity 
assumption, and (iii) test the hypothesis that the 
basic region alone determines binding specific- 
ity of bHLH TFs. 

bHLH motifs represent the third largest TF 
family in eukaryotes and regulate a wide variety 
of cellular functions ranging from cell prolifer- 
ation and development to metabolism (/6). We 
studied isoforms A and B of the human TF 
MAX, which together with other bHLH members 
play a role in cellular proliferation and many 
cancers (17). We also studied the yeast TFs Pho4p 
and Cbflp; the former regulates phosphate 
metabolism (/8, 19), whereas the latter regulates 
methionine synthesis as well as chromosome 
segregation, serving a structural role in the 
kinetochore (20-22). bHLH TFs generally bind 
to a consensus sequence of 5’-CANNTG-3’ 
(where N is any nucleotide) called enhancer 
box (E-box) (fig. S1, A and B), which was 
later found to be the second most conserved 


bHLH family show mid- to low nanomalai 
DNA binding affinities and have off r 
above 10° s ! for their consensus sear QQ 
(23, 24), with orders of magnitude hig 
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rows addressed@ia resistance equalizer (Fig. 
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dervatiza nd TF deposition. To avoid 
time-c mg cloning and protein synthe- 
sis ication steps, we synthesized the 
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TFs in situ via wheat germ—based in vitro We synthesized libraries of Cyt ToRpled 
transcription and translation (ITT). We de- target DNA sequences that com ively 
signed a two-step polymerase chain reaction cover the E-box motif and flanjg ses by 


(PCR) method that generates linear expression— _—_ permuting up to four bases fig. SIC 
ready templates directly from yeast genomic 
DNA or cDNA clones (fig. $2). This approach 
allowed us to not only rapidly screen new 
TFs but also easily create and test structural 


chimeras. 


at 
and data set 1). Dilution “@ each target 
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Fig. 1. (A) Design drawing of the microfluidic device. Red and blue lines represent control and 
flow channels, respectively. The device contains 2400 unit cells controlled by 7233 valves (scale 
bar indicates 2 mm). (B) Optical micrograph of three unit cells. Control channels are filled with 
colored food dyes for visualization. Each unit cell consists of a DNA chamber aligned to a 
microarray spot and a detection area. The valves shown in green control access to the DNA 
chambers, whereas the orange valves compartmentalize the unit cells. The button membrane is 
shown in blue and represents the area where detection takes place (scale bar, 150 um). (C) 
Schematic outline of the approach. First, a microarray of target DNA sequences is spotted onto an 
epoxy slide. The microarray is then aligned and bonded to a microfluidic device. Next, the 
necessary surface chemistry is prepared, followed by in situ synthesis of TF and detection of 
interactions by MITOMI. (D to F) Schematic of the process of MITOMI. The gray structure at the top 
of each panel represents the deflectable button membrane that may be brought into contact with 
the glass surface (blue). (D) His-tagged TFs are localized to the surface, and TF-DNA binding is in a 
steady state. (E) The button membrane is brought into contact with the surface, expelling any 
solution phase molecules while trapping surface-bound material. (F) Unbound material not 
physically protected is washed away, and the remaining molecules are quantified. (G to 1) 
Fluorescent intensity maps of target DNA concentration. (G) to (I) correspond to the states 
schematically shown in (D) to (F) (scale bars, 50 um). 
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each spot to a unit cell. The ability to program 
devices with microarrays simplifies the micro- 
fluidic infrastructure and increases unit cell 
density. The use of microarrays for device pro- 
gramming is highly modular because any solu- 
ble substance or suspension may be arrayed, 
and it provides an elegant and efficient solution 
to the world-to-chip interface problem. Ap- 
proximately attomoles of DNA and TF are 
required for each data point. 

Each unit cell is controlled by three mi- 
cromechanical valves (27) as well as a 
“button” membrane (fig. S3) used for surface 
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and fig. S4). When the button is actuated, it 
physically blocks a 60-um circular area on 
the slide, preventing molecules from enter- 
ing or leaving that part of the surface. The 
contact area can be precisely modulated by 
choice of button diameter and closing pres- 
sures (fig. S3). During surface derivatization, 
a circular area is masked with the button, 
while the rest of the surface is passivated 
with biotinylated bovine serum albumin. 
When the button is released, the previously 
protected circular area is specifically func- 
tionalized with biotinylated antibody against 


derivatization and MITOMI (Fig. 1, B to I, Hiss (fig. S84, C to G). After surface pat- 
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terning, the device is loaded wi eat 
germ—based ITT mixture contai inear 
DNA template coding for t to be 


synthesized, and each unit ce lated by 
closing a set of miromeehQeetes The 
device is incubated at.30° 90 min to 
complete TF synthegy (Wition of target 
DNA, and equilibrat TF and target 
DNA (fig. S4, H a fter the incubation 
period, MITO erformed by again 
actuating the b embrane and trapping 
surface-boun exes (Fig. 1, D to I, and 


fig. S4, J t itial contact of the mem- 
brane with rface occurs medially and 
exten, jalf¥ outward. Radial closure 
preve' ent pockets from forming be- 


t two interfaces and effectively 
crt ero dead volume while preserving 
uilibrium concentrations of the molec- 
interactions to be detected. The trapped 
lecules are subsequently quantified with 
DNA array scanner (fig. S5). Device char- 
acterization and control experiments are de- 
scribed in the Supporting Online Material 
(figs. S6 to S8) (26); we determined the 
lower limit of detection to be Kg ~ 18 uM and 
established a global measurement error of 
19% (fig. S9). 

Our measurements agree with previous re- 
ports that the optimal binding sequence for all 
four TFs is CACGTG for N_; to N3 (Fig. 2, A 
to D, and figs. S10, A to D, and S11). We 
measured consensus binding affinities of 67.0 
nM, 73.1 nM, 11.1 nM, and 16.6 nM for MAX 
isoform A, MAX isoform B, Pho4p, and 
Cbflp, respectively. The binding affinity of 
MAX to a slightly different sequence has been 
measured independently and is in agreement 
with our result for that sequence (24). Each 
binding energy landscape exhibits topographic 
fine structures, such as affinity spikes for 
sequences with a one-base spacer between 
the two half sites (CACGGTG for example) 
as well as consensus neighbors CATGTG, 
CTCGTG, and CAGGTG. These fine struc- 
tures often lie in the low-affinity regime (with 
off rates on the order of 2 to 20 s ') and have 
thus far not been observed with other meth- 
ods. The binding energy landscapes for both 
MAX isoforms are more rugged than the 
landscapes of Pho4p and Cbflp, showing 
strong affinities for consensus neighbors, 
whereas Pho4p and Cbflp are singularly 
specific for the E-box consensus. These differ- 
ences in topography are intriguing, because 
crystal structures of truncated versions of MAX 
and Pho4p show that both TFs make essen- 
tially the same base-specific contacts (29, 30). 
Therefore, similar base-specific contacts give 
rise to recognition of the same consensus se- 
quence but not necessarily to similar overall 
binding topographies. 

Informatic methods for TF binding motif 
discovery often rely on ad hoc hypotheses 
such as the additivity assumption, which 
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posits that the energetic or informatic role of 
each base in a given motif is independent of 
the identity of neighboring bases. Evidence 
from small data sets contradicts this assump- 
tion (37, 32), but there is an ongoing debate 
on the importance of the observed non- 
independence (33). Our data on the absolute 
binding affinities of the MAX isoforms to all 
possible sequence permutations of one E-box 
half site plus a flanking base, or 256 se- 
quences in total, allowed us to determine the 
extent of interdependence between individ- 
ual base contacts. First, we generated a 
position weight matrix (PWM) for each 
isoform, consisting of changes in the Gibbs 
free energy for all 16 possible single-base 
substitutions. These PWMs were then used 
to calculate binding affinities to all 256 se- 
quences. Because PWMs contain no informa- 
tion on higher-order interactions, the predicted 
affinities reflect an assumption of completely 
independent base contacts. Comparing our 
experimentally determined values with the 
predictions showed that only a small subset 
of values agreed (Fig. 2, E and F, and fig. 
S10, E and F). PWMs fail to predict low- 
affinity binding, because almost no sequences 
above 2.5 kcal/mol agreed with measured 
values (defined as lying within 20 or +0.4 
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kcal/mol of the measured value). This is 
mostly due to the increasing role of non- 
specific interactions, for which failure of the 
PWM is not surprising. More importantly, 
PWMs also fail for higher affinities, pre- 
dicting only 44% of all sequences below 2.5 
kcal/mol. The PWMs predicted only 56%, 
10%, and 0% of all double, triple, and quad- 
tuple substitutions, respectively. The conse- 
quences of these results are twofold. First, for 
gene discovery applications PWMs will give 
low false positives but more potential false 
negatives or missed genes. Second, PWMs 
are not sufficient for more detailed com- 
putational approaches to systems biology that 
seek to understand the stochastic dynamics of 
TF binding. 

To address the question of how Pho4p and 
Cbflp serve distinct biological functions while 
recognizing seemingly identical consensus 
motifs, we measured the extent to which the 
TFs recognize bases flanking the E-box c 
sensus. Current experimental and bioinfo 
methods (/, 7, 34, 35) failed to show 
differences in sequence recogniti n 


these two TFs (CACGTGsG and r TG 
for Pho4p and Cbflp, respective re r is 
any purine and s is G or C). ured all 
possible permutations of thre g bases 5’ 


AAG (kcal/mol) 


025 05 O75 1 : 15 
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to determine how far base-specifi 
extends. The results show that Ph 
recognizes two flanking base: ding the 
consensus motif to a palin Gig decamer of 
5'-CCCACGTGGG-3’ (Eig. 3 d fig. S12, A 
and B). For Cbflp, th i Mase recognition 
profile differed drasticall Pho4p, preferring 
GT as N_sN_, (Fig. the palindrome AC 
for N4Ns (fig. $12 . Furthermore T and C 
were preferred fi and G in terms of N_¢), 
extending Cb ef@ence recognition from the 
initial hex: ~box motif to a dodecamer of 
5'-[A/G]GT' GAC[T/C}-3'. 

sf of structural (29, 30) and 
ata, it is widely assumed that 
ce-specific binding of bHLH 
T etermined entirely by the basic re- 
Kv assessed whether the basic region 


is sufficient to produce the observed 


Or base sequence specificity by clon- 


mg the basic regions of Pho4p and Cbflp 
into the MAX isoform B backbone. The 
results show that, despite the existence of a 
few intriguing sequence outliers, the basic 
region itself is sufficient to transform the 
original MAX isoform B recognition pattern 
to patterns resembling Pho4p and Cbflp 
(Fig. 3D). 

Last, we asked whether the binding ener- 
gy landscapes for Pho4p and Cbflp are 
sufficient to predict which genes these TFs 
physically bind and therefore likely regulate. 
We applied a simple in silico model based on 
calculating a probability of occupancy (Poe) 
(36, 37) for each regulatory sequence of 5814 
yeast genes and obtained 38 and 24 genes 
bound by Pho4p and Cbflp, respectively. 
(Fig. 4, A and B, and data sets 2 and 3). We 
then tested whether these gene sets were 
significantly enriched for functions related 
to Pho4p (phosphate metabolism) and Cbflp 
(methionine metabolism and chromosome 
segregation). The Pho4p data set showed 
significant enrichment in genes functioning 
in ionic homeostasis and phosphate metab- 
olism (table S1), with 60% of the genes in 
the data set functioning in phosphate metabo- 
lism (37%), ionic homeostasis (13%), and 
vacuoles (10%) (Fig. 4A). Chromatin immu- 
noprecipitation (ChIP)—chip and microarray 
experiments determining Pho4p-regulated 
genes have only 18% agreement; our data 
set includes all of these overlapping genes 
and has 40% agreement with at least one of 
the other data sets (Fig. 4E). For Cbflp, the 
functional enrichment returned categories 
mainly involved in cell cycle and cell growth 
(table S1), implying that Cbflp functions in 
chromosome segregation. Of Cbflp-regulated 
genes, 30% are involved in chromosome 
structure, and another 25% are involved in 
budding (Fig. 4B). Only two genes (8%) 
regulate methionine synthesis. We also found 
three genes (STE20, GAL2, and DRS2) that 
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purely in vitro biophysical measurements with 
informatic knowledge of the organism's ge- 
nome. As the theoretical and experimental 
tools of systems biology become more mature, 
this situation may become the rule rather than 
the exception, and it is worth considering 
whether there is any fundamental limit on the 
ability to predict biological behavior from in 
vitro measurements. 
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As compared with extensive contiguous areas, small isolated habitat patches lack many species. 
Some species disappear after isolation; others are rarely found in any small patch, regardless of 
isolation. We used a 13-year data set of bird captures from a large landscape-manipulation 
experiment in a Brazilian Amazon forest to model the extinction-colonization dynamics of 55 
species and tested basic predictions of island biogeography and metapopulation theory. From 
our models, we derived two metrics of species vulnerability to changes in isolation and patch area. 
We found a strong effect of area and a variable effect of isolation on the predicted patch 


occupancy by birds. 


ropical forests are among the world’s 
most threatened ecosystems, which are 
under severe pressure by human activ- 
ities, primarily deforestation (/). Deforestation 
reduces forest area and frequently isolates re- 
maining forest patches. Island biogeography (2) 
and metapopulation (3) theories predict the ef- 
fects of reduced area and increased isolation on 
rates of species extinction and colonization and 
thus on species occurrence. However, strong 
tests of these predictions are scarce. Most pub- 
lished inferences about the effects of area and 
isolation are based on patterns of species oc- 
currence, rather than directly on the dynamic 
rate parameters (such as extinction and coloni- 
zation) that produce these patterns. Multiple 
plausible hypotheses can be developed to ex- 
plain any such pattern, and pattern-based analy- 
ses thus produce weak inferences (4). The few 
studies that have focused on patch-occupancy 
dynamics follow observational, rather than ex- 
perimental, designs at small spatial and temporal 
scales, and they fail to deal adequately with 
detection probabilities: the fact that species may 
be present at a site yet go undetected. 
The Biological Dynamics of Forest Frag: 
ments Project (BDFFP) was initiated to test 


effects of forest destruction at the patch ae 


tropical ecosystem (5). The study, locate 
central Brazilian Amazon, involvedg r n 


in forest area, which was predicted ase 


the probabilities of local extinctio species, 
and isolation of remnant forest , which 
was predicted to reduce spect onization 
probabilities and increase inctiom#(2, 3, 6). 


The combined effects of Qgt 
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dicted to reduce patch occupancy (2, 3). We 
tested these predictions using data from t 
diverse bird community while separating in 
ences about area and isolation, in contra! 
more usual approaches that confound th 
effects as “fragmentation” (7). The d; 
experimental nature on relevant 

and temporal scales, and our anal 


ical 
ats de- 


tection probabilities explicitly. 
A mist-netting program >: under- 


story birds in 23 primary-fgrest PRitches for 13 


which are depicted 
t in size classes of 1, 
10, 100, 500, 
lated patch at 
cleared after ring began, permitting in- 
processes of extinction and 
isolated and continuous forest 
erent sizes (8). 

patch-occupancy models (9) to 
ior! hypotheses about the influence of 
and isolation on occurrence dynamics 
ell-sampled bird species. The models 
tain four kinds of parameters: initial occu- 
ancy (wW1), local extinction probability (e), 
local probability of colonization (y), and prob- 
ability of detection given presence (p). We 
limited our model set to plausible a priori 


hypotheses about the processes of 
colonization, and local extinction, 

conducting exploratory analyses 
model set including various ations of 
potential covariates (table (87 is a free 
parameter and is never relate covariate. p 
is a function of ig gr: and takes 
different values for di species. We pre- 
dicted that € would d to patch area and 
isolation in one o ays: a multiplicative 
function of pat nd isolation (full inter- 
action model), itive function of the same 
function of patch size alone. 


y shouldbe to isolation, perhaps as mod- 
ified 0) of matrix habitat because 
some d was abandoned. Colonization 
is e s a function of isolation, regrowth, 


a year | effect’”—increased coloniza- 
y displaced birds immediately after 


Aeon sien in five additive combina- 
s. Isolation is a binary variable. We thus 


itted 3 x 5= 15 different models to each species 

using a maximum-likelihood approach in the 
program PRESENCE (/0). Models were ranked 
by Akaike’s information criterion (AIC) and 
AIC weight w; for model j (//). We predicted 
that patch size, independently of isolation, 
should have a negative effect on € (2, 3). Iso- 
lation, independently of size, should have a 
positive effect on local extinction via the reduc- 
tion of the “rescue effect” (6). 

We also asked three expert neotropical or- 
nithologists to classify the study species into two 
categories of dispersal ability (low and high). 
Isolation, through its effects on colonization and 
local extinction, should be more important for 
models of poor dispersers than for models of 
good dispersers. We expected forest regrowth 
to be more important for poor dispersers than for 
good dispersers. Among the variables that affect 
e and y, we predicted that dispersal ability would 
be the most relevant in the species’ responses to 
deforestation. Other variables may also be 
relevant, but their predicted effects are typically 
based on their relationship to dispersal ability. 
Thus, rather than testing the relevance of various 
species classification schemes, we focus here on 
our a priori prediction about the relevance of 
dispersal ability. 


Fig. 1. Two isolated 
fragments at Fazenda 
Dimona, Brazil. This 
aerial photograph of a 
10-ha and a 1-ha frag- 
ment was taken shortly 
after isolation. Gaps 
between the fragment 
edge and the continu- 
ous forest are less than 
1 km wide. 
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Our analysis follows three steps, all of which 
are based on fitting models for each species. 
First, we ask what covariates appear in the top- 
ranking models of each species. Second, we 
focus on the single model that fits best across 
species and examine the signs and magnitudes 
of covariate effects (slope parameters). Finally, 
we select one best-fitting model per species and 
draw inferences based on the estimated local 
extinction and colonization parameters. 

Patch isolation appears as a covariate of 
colonization and/or local extinction in high- 
ranking models (w; > 0.2) of nearly all, but not 
all, species (Table 1 and table S3). Patch size, 
regardless of isolation, seems sufficient to 
explain the observations on three exception 
species: Geotrygon montana, Dendrocolaptes 
certhia, and Hypocnemis cantator. Fifteen spe- 
cies have high-ranking models with an effect of 
isolation only on local extinction, and five 
species have high-ranking models with that 
effect only on colonization. Regrowth enters 
high-ranking models in two-fifths of the species. 
Contrary to our expectation, we cannot reject the 
null hypothesis that regrowth enters high- 
ranking models of high- and low-dispersal 
species in the same proportions (one-tailed z 
test, P= 0.33). Likewise, there is no evidence to 
sustain the prediction that isolation would ap- 
pear more frequently in high-ranking models of 
low-dispersal species (one-tailed z test, P= 0.97). 
Inferences are qualitatively the same if high- 
ranking models are redefined as having w; > 
0.1 or w; > 0.25. 

Cora parison of estimated slope parameters 
for area and isolation across species is facilitated 
by use ofa single model, so we focus on model 6 
(table S2 and Fig. 2), which has the highest 
average w; across species. Model 6 hypothesizes 
fixed colonization and an additive effect of size 
and isolation on local extinction. There is a neg- 
ative effect of patch size on e: For all species, 
larger plots have lower € values. Isolation shows 
more variable results, with 36 of 55 species 
showing a positive slope. As predicted, ws ef; 
fect of isolation on local extinction is posi 
more often than negative (one-tailed z te 
0.01), but for roughly one-third of the 
slope estimates are very close to Zag, 


negative). We found no evidence ‘<e Fat 


Table 1. Contribution of isolatio 
grouped by dispersal abilit 
otherwise). Regrowth cou 


W; > 0.2. o 


olati 
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poor dispersers show positive isolation effects on 
extinction more often than do good dispersers 
(one-tailed z test, P= 0.49). Confirming previous 
inferences (/2, /3), all obligate ant-followers 
(Pithys albifrons, Gymnopithys rufigula, and 
Dendrocincla merula) and many mixed-species— 
flock attendants (/4) showed evidence of a 
positive effect of isolation on local extinction, 
despite their high dispersal ability (table S3). 
Model 6 concentrates the effects of size and 
isolation on only one of the dynamic rate param- 
eters (local extinction). The support for this 
model suggests that many species would be 
equally good at colonizing isolated and continu- 
ous forest patches. However, our ability to infer 
changes in colonization may be limited by the 
greater opportunity to see extinctions than colo- 
nizations in our data (8). It is very possible that 


on colonization. 

By selecting the best-fitting model for eac; 
species, we can account for the effect 
regrowth and for the possible interactio 2 


tween the effects of size and isolation 
extinction (table $4) (8), which are ts 


more data may lead to more evidence of effects atches: 


that model 6 did not address. We nly 
from the subset of 10 models tha des the 
covariate isolation affecting lo ction to 
ensure that we always estimat ect of iso- 
lation on occupancy paramngfers, 1) matter how 


mbination, our 
local extinction 
as functions of the 
1). These two param- 
le population-dynamic 
metric that p equilibrium patch occu- 
pancy yj, ce isolation and s de- 
notes patc , 8). Figure 3 illustrates how 
Wi. est, ©: isolated and nonisolated 
pcs pres sizes, may reflect different 
response landscape change. From the 
engemble of each species’ y; values, obtained 
best-fitting model for the species, we 
le two metrics that separate specific 
ctS of patch size and isolation. Species that 
ave large territories or are otherwise sparsely 
distributed should have relatively low y;, values 
in small patches of continuous forest. Accord- 


Mane we formulate an index of area sensitivity A 
(Fig. 3C) as the relative reduction in y;; from the 


small. For each species- 
analyses provided estir 
and colonization, ex: 
pertinent covariates 
eters combine 1 s 


d regrowth covariates to high- ranking models of 50 species, 
is a binary variable (“1”" for isolated patches and “O” for 
QWs of years since isolation. Five species had no models with 


Number of species 
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largest to the smallest continuous-fke 
patch: 


cf) 


: Micnoting patch 
iycommon black- 
rickena viridis), a 
ith narrow habitat 
fies a species that is 
ea (Fig. 3, D to F). Poor 
ely cross open areas, or 
t survive well in isolation, 
ely lowy;, values in isolated 


with the numerical 
size (in hectares). 
throated antshrike 
forest-interior ai 
requirements, 
highly sensiti 
colonizers 
species tha 
shoul 


| 


patch , we measure vulnerability to 
is@@lo ig. 2C) as the relative reduction in 
A -ha continuous-forest to 1-ha isolated 
i 
r=1-— (2) 
Wer 1 


The white-chinned woodcreeper (D. merula), a 
bird that forages by following swarms of army 
ants, is highly vulnerable to isolation but not 
sensitive to area (Fig. 3, A to C). 

We use approximate 95% confidence inter- 
vals (Fig. 4) to assess whether each metric is 
significantly different from zero. In agreement 
with results based on slope parameters and w,, a 
substantial proportion (29/54) of species is not 
significantly vulnerable to isolation. There is a 


> 
nm ioe) 
3 is) 


Isolation slope 
3S 


Ow 


Size slope 


species 


Fig. 2. Slope parameter estimates for the effect 
of isolation (A) and patch size (B) on local 
extinction, as according to model 6. Low- and 
high-dispersal species (table $3) appear on the 
left and right sides of the dashed line, respec- 


Does the isolati rowth Isolation Regrowth tively. Error bars indicate approximate 95% 
covariate ent@f anwpart of a model confidence intervals, assuming normally distrib- 
with w; > 0. Yes No Yes No uted parameter estimates. Points without confi- 

: ; dence intervals on the upper or lower edges of 

Dispersal ty of species os : ; 

the plot indicate point estimates beyond the 
vel - at 17 [limits of the y axis. Confidence intervals could 
High 22 0 9 13 ia 


not be estimated for all points. 
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Fig. 3. Example of patch-occupancy 
parameters estimated by the best- 1 
fitting models for two species. Solid 
and open circles show estimates 
for continuous forest and isolated 
patches, respectively; error bars 
and lines without symbols show 
95% confidence intervals. y; (C 
and F) is a function of ¢ (A and D) 


P (local extinction) 
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and y (B and E). D. merula [(A) to 
(C)] shows a marked effect of 
isolation both on local extinction 
and on colonization and a stronger 


i] 


effect on w;:. Estimates for F. viridis 
[(D) to (F)] vary mostly with patch 
area. Arrows in (C) illustrate two 
metrics reflecting use of space: A 
and /. 


P (local extinction) 
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Fig. 4. Values of A and / for 54 
species grouped by uncertainty 
over the two metrics (table $4). 
Open and solid circles indicate 
that the approximate 95% con- 
fidence intervals of both metrics 
or of neither metric overlap zero, 
respectively. Upward and _right- 
ward pointing triangles indicate 
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that only the confidence interval 
of A or / does not overlap zero, 
respectively. Symbols with arrows 
indicate point estimates outside 
the plotted range of the x axis. 
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higher proportion (36/54) of species with area 
sensitivity that is significantly different % 
zero, with two-thirds of these species not be 
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vulnerability to isolation (/) 


ll abilities of species in undisturbed con- 
ms does not explain the variation in the signs 
the slope parameters or in the contributions of 


significantly vulnerable to isolation. This ye isolation and regrowth covariates to high- 


suggests that many species fail to occur i 


isolated patches, not because they we ) 
the effects of isolation in reducing cue 
effect but because they rarely occu y small 
patch (even in continuous forest ause of 
their pattern of space use. Mana 't aimed at 


curbing the effects of isolagign (e.g¥ corridors 
and edge protection) ae effec- 
tiveness for those spec) are highly sen- 
sitive to area. 

Our finding that 
more probable 1 


Xtinctions are always 
an in large patches is 
predicted by de hic theory and is evident 
from the slope ters of model 6. The role of 
isolation is lgs obvious: A predominantly positive 
but vais gc of isolation on local extinction 
under must be qualified by the many low 
an estimates of /. Our knowledge of the 


ranking models. Either we do not know enough 
about dispersal abilities—a notion that is widely 
supported by neotropical ornithologists—or those 
abilities change in disturbed landscapes to the 
extent that we cannot use them to predict occu- 
pancy parameters under disturbance. 
Deforestation results in forest-area reduction 
and isolation of remaining forest patches, and 
both factors affect occupancy dynamics. This 
study shows the generality of these effects by 
showing that they apply to tropical forest land- 
scapes in addition to the temperate landscapes 
from which most previous inferences have come. 
The interspecific variation in the effects of iso- 
lation on the studied tropical bird community is 
reminiscent of similar variation reported for avian 
communities in temperate forests of North 
America (/5). Both the North American study 


and our more realistic modeling approach report 
interspecific variation, but they differ in that our 
finding demonstrated a relatively stronger effect 
of area than of isolation. We qualify this finding 
by noting that our data come from a landscape 
that is dominated by forest. The distance between 
isolated patches and continuous forest ranges 
from 150 to 900 m (/6). Further forest destruc- 
tion is expected to result in additional species loss 
and larger effects of isolation (7, 17). 
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Distinct Populations of Primary 
and Secondary Effectors During 


RNAi in C. elegans 


Julia Pak and Andrew Fire* 


RNA interference (RNAi) is a phylogenetically widespread gene-silencing process triggered b 
double-stranded RNA. In plants and Caenorhabditis elegans, two distinct populations of sma 
have been proposed to participate in RNAi: “Primary siRNAs” (derived from DICER nucle 
mediated cleavage of the original trigger) and “secondary siRNAs” [additional small 


synthesis requires an RNA-directed RNA polymerase (RdRP)]. Analyzing small RNAs a 
ongoing RNAi in C. elegans, we found that secondary siRNAs constitute the vast m © 

of secondary siRNAs exhibited structure and sequence indicative of a ae 3 

each molecule derives from an independent de novo initiation by RdRP. Analysis ndogenous 
small RNAs indicated that a fraction derive from a biosynthetic mechanism mK 

secondary siRNAs formed during RNAi, suggesting that small antisense tr 

cellular messenger RNAs by RdRP activity may have key roles in cellular G 


ouble-stranded RNA (dsRNA}-triggered 

gene silencing in eukaryotes appears 

universally to involve 21- to 25-nucleotide 
(nt) siRNA effectors. In Drosophila and mam- 
mals, siRNAs derive primarily from processing of 
longer duplexes by DICER nuclease, forming 21- 
to 25-nt duplexes possessing 5'-monophosphates, 
3'-hydroxyl groups, and 2-nt 3’ overhangs (J, 2). 
Along with this “primary” siRNA response, 
amplification of the RNA trigger population has 
been proposed to contribute to potency 


ni 
persistence of gene silencing in several oN 
(3, 4). Amplification mechanisms are acc - 


nied in some cases by “‘transitive RNAj 
nomena in which dsRNA matching v 
region can silence targets bearing h to 
other parts of the mRNA (5-9). Uni he situa- 


tion in plants where “spreading” effector 
population occurs bidirectionall ve to the 
target mRNA (6, 8), transitiyg RN Caeno- 
rhabditis elegans exhibits &: bias toward 
sequences upstream of fg omology (7, 9). 
Transitive RNAi requi ction of a putative 


RdRP (RRF-1 inC. soma, SDE1/SGS2 in 
Arabidopsis th ggesting several con- 


ceivable means © ndary siRNA production 


in 
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he bulk 
whereby 


is similar to that of 
derived from 
ion. 


(6, 7). One wi antisense primary 


siRNAs coul primers in the RdRP- 
mediated syntf™@is OF new dsRNAs on an mRNA 


template. tvely, primary siRNAs may 
merely e RdRP to a target, allowing 
unprimd s esis (10, 11) either at the cleaved 
end of thetargeted transcript, at a location close to 


thg trigger-target complex, or at a structure such as 
d that might be revealed as aberrant 
consequences of the initial RNA-induced 
cing complex (RISC)::target interaction. 
To better understand signal amplification in 
C. elegans, we characterized small RNAs from 
animals undergoing RNAi against an abundantly 
expressed endogenous gene, se/-/ (/2). After 
reverse transcription, 245,420 18- to 25-nt RNAs 
were sequenced by means of single-molecule 
pyrosequencing (/3). Among these sequences, 
534 exhibited either a perfect match (428 in- 
stances) or single mismatches (106 instances) to 
sel-] mRNA (Fig. 1, A and B). A similar analysis 
of ~850,000 clones from animals not exposed to 
dsRNA yielded just one se/-/ small RNA (/4). 
Most se/-1 small RNAs induced during inter- 
ference (483) had an antisense orientation, con- 
sistent with previous hybridization-based analyses 
(7). Of the 51 sense strand clones, 22 showed 
complementarity to at least one antisense clone. 
We observed an incomplete bias in siRNA 
positions relative to the trigger; of 138 antisense 
siRNAs outside the original trigger, 110 (80%) 


Fig. S1 
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occurred on de. This bias could certainly 


account _fo: ntial detection of upstream 
secon offes in functional and biochemi- 
cal as ). Twenty-eight observed instances 
of Ql ense RNAs completely downstream 


ger homology were of particular inter- 
these would not have been expected if the 
ode of amplification involved extension by 
of existing siRNA triggers that hybridize 
‘o the target transcript. 

Exon-exon junctions offer a unique opportu- 
nity to unequivocally distinguish de novo syn- 
thesis of antisense nucleic acids from an mRNA 
template (75, 16). We found 50 se/-/ small anti- 
sense RNA sequences that span exon/exon junc- 
tions. Of these, 43 fall within the trigger [458 
base pairs (bp) of se/-/ cDNA sequence] and thus 
could have derived directly from triggering 
dsRNA. Six antisense exon-exon junction se- 
quences upstream of the trigger were recovered 
(four matching perfectly and two with single 
mismatches). These imply de novo copying of 
the mature mRNA template (/6). 

The apparent scarcity of sel-/ siRNAs sug- 
gested that the procedure for cloning small 
RNAs (including ligation of linkers to 3’ and 5’ 
ends) might underrepresent the siRNA popula- 
tion (/2). To analyze small RNA termini in 
detail, we used a number of structure-specific 
treatments. Treatment of RNA with periodate 
followed by 6 elimination results in a shift on a 
denaturing acrylamide gel, indicating at least one 
unmodified (cis-diol) 3’ terminus (/7). Ribonu- 
clease T (RNaseT) requires a 3’-hydroxyl to 
degrade single-stranded RNA. Finally, Ter- 
minator exonuclease preferentially degrades sub- 
strates with a single 5'-phosphate. Although se/-/ 
siRNAs are susceptible to both B elimination and 
RNaseT reactions, they are resistant to Terminator 
(Fig. 2A). Control synthetic 25-nt se/-] RNA 
oligonucleotides s with 5’-monophosphate and 
3'-OH were sensitive to all three treatments. We 
surmised that se/-/ siRNAs are blocked at their 
5’ ends. 

We next asked if we could design a cloning 
protocol that would not be biased by the struc- 
ture at the 5’ end on an siRNA. The resulting 
protocol (fig. S3) avoids both (i) the requirement 
for ligation of the 5’ end of the RNA and (ii) the 
possibility that modified 5’ ends on small RNAs 
could affect enzymatic treatments of the paired 
cDNA strand. We detected 127 sel-] antisense 
sequences and zero sense sequences from 1612 
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total clones using this protocol (Fig. 1C). For 
sel-] antisense sequences, this represents a 40-fold 
enrichment compared to the 5'-ligation-dependent 
cloning method, providing further evidence for a 
prominent population of 5'-blocked siRNAs. 
Secondary siRNAs are still recovered in 5'- 
ligation-dependent cloning, albeit inefficiently, as 
indicated by the representation of sequences 
outside the trigger (presumably most siRNAs 
within the trigger are also secondary). Notably, 
we found that small antisense segments cloned 
with a 5'-ligation-independent procedure were on 
average | nt longer than those cloned with a 5’- 
ligation-dependent procedure (Fig. 2B; figs. S4 
and S5). The substantial increase in incidence of 
sel-I clones that followed 5'-ligation-independent 
cloning indicates that the vast majority of small 
sel-] RNAs are modified on their 5’ ends, while 
at most 2 to 3% (SOM Text) have simple 5’- 
phosphate termini that are exposed in vivo or 
produced by 5’ cleavage during the cloning pro- 
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Fig. 1. Distinct RNAi-associated small RNA populations identifi 

dependent and 5’-ligation-independent methods. Small RNAs we' 
animals in which RNAi had been triggered by dsRNA covering nucleotides 535 to 
992 of sel-1 mRNA. (A and B) By the 5’-ligation-depen 


clones (47 within the trigger, 4 downstream) and oo” clones (110 


Fig. 2. Small RNAs A 
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cedure. An assumption that sense and antisense 
are roughly equal in the primary siRNA pool 
leads to primary siRNA estimates of <0.6% of 
the total se/-/ siRNA population and <0.05% of 
the total 21- to 25-nt RNAs in the animal. 

The two methods of cloning were selective 
for different classes of endogenous small RNAs 
(table S1) (78, 19). microRNAs (miRNAs) ap- 
peared much less frequently with the 5’-ligation- 
independent cloning method, seemingly replaced 
by endogenous small RNAs corresponding to 
antisense sequence from coding regions. This 
analysis suggests that miRNAs and small anti- 
sense RNAs could be comparably abundant in 
C. elegans, with 5' modification of the small 
antisense RNAs accounting for the predominance 
of miRNA clones in libraries derived using 
ligation-dependent schemes. We observed 612 
out of 245,420 clones from the 5’-ligation- 
dependent method and 9 out of 1612 clones 
from the 5’-ligation-independent method thi 
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were perfect antisense copies of on 
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on an mRNA template (fig. S6). 

cation of 


To further characterize the 


and Terminator 5'-exonyclease 
requiring a 5'-phosplg 
predominant fraction o 
restored by sequentj 


sitivity of the 
IRNAs could be 

ent with alkaline 

es any number of 5’- 
polynucleotide kinase 
5'-phosphate), suggesting 
ation was likely to involve 
hate groups on the siRNA 
. How many phosphates do 
s have on their 5’ ends? Exam- 
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of the untreated siRNAs have triphosphate 5’ 
termini (Fig. 3, C and D). 

The results presented here define an RNA 
population produced de novo during RNAi 
in C. elegans as a pool of 5'-triphosphate— 
terminated small antisense molecules templated 
by the mature mRNA target and covering se- 
quences both upstream and downstream of the 
original dsRNA trigger. On the basis of this work 
and previous literature, our current working 
model for amplified gene silencing in C. elegans 
is that rare primary siRNAs, formed from a long 
dsRNA trigger, act as guides (presumably in an 
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ase (T4 PNK), and/or ligase and analyzed by Northern 
rance of the major siRNA bands (27)] requires 3'-OH/5’- 
d after sequential treatment of siRNA populations with CIP 
nd T4 PNK (restoring a single 5’-phosphate). (B) Sensitivity to 
tially degrades RNA with 5’-monophosphate termini. A 25-nt j 
minus was included as an internal control (red arrowhead). Gels 8. 
(A) and (B) used a 19:1 acry sbis-acrylamide composition under which phosphatase-treated siRNAs 

~ These species are resolved on 75:1 acrylamide:bis gels (C), where 9. 


ds). With a high bis-acrylamide ratio (9:1 acrylamide:bis 12%), the size 
erminal phosphate confers a prominent change in mobility such that a “ladder” 
sphorylated species is observed. In vivo sel-1 siRNAs were treated with CIP (lane 7) 
d (lane 8) with a darker exposure of these lanes in the right panel (red arrowheads). The 
d through the gel relative to the 5'-OH—terminated species (lanes 2 to 6 were compared 
lane 8 was compared to lane 7), given by the numbers in arbitrary units below each lane, 
that in vivo siRNAs migrate as 5’-triphosphate—terminated RNAs. 
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Argonaute-dependent manner) to recruit RdRP to 
targeted transcripts. This recruitment leads to de 
novo synthesis of short antisense RNAs that must 
be stripped off the template mRNA and in- 
corporated into complexes that are capable of 
finding additional silencing targets. This model 
differs from other examples of RdRP action, such 
as in the generation of ta-siRNAs in A. thaliana 
where repeated DICER activity on long RdRP- 
generated dsRNAs produces a phased distribution 
of small RNAs (20). 

Although ongoing RNAi is certainly impor- 
tant for de novo synthesis of antisense siRNAs, 


guidance to the RdRP rather than 
tivity. Primary silencing targets 
be degraded; whatever their fat 


strates for RdRP activity ypstre: d (somewhat 
less efficiently) cove targeting site. 
This model is consist the biochemical 
properties of charact lular RdRPs in that 
these enzymes are of unprimed (as well 
, 11). Initiation at 3’ ends 
s has been reported for 
s; this might allow initial 
cleavage of mRNA targets 


substrates. 
pavestigations of siRNA structure 


CIP 
T4 PNK 
Terminator 


fonophosphate termini were performed 
anisms whose genomes do not encode 
nical RdRPs (2, 2/, 22). In addition, crystal 


ctures of Argonaute proteins [key execu- 
oners in the RNAi pathway (23—25)] indicate 
considerable specificity in recognizing specific 
" structures in RNA. It is possible that 5’- 


triphosphate antisense RNAs are themselves 
in vitro transcribed & sel-1 
products small RNAs 


synthetic pm 
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inactive in gene silencing, requiring either removal 
of two terminal phosphates or of the entire first 
base for activity. Alternatively, triphosphate- 
terminated small RNAs may be active directly as 
silencing triggers, potentially through distinct 
members of the Argonaute family that might 
recognize guide RNAs with a 5’-triphosphate. 

One feature of the proposed mechanism is the 
involvement of dsRNA trigger only at the earliest 
« Stage of the process (production of primary 
siRNAs). Following this stage, the double- 
stranded character of the original trigger plays no 
role in the reaction. Given diverse structural fea- 
tures that could target an aberrant mRNA for RdRP 
activity, such a system would permit analogous 
machineries (each involving RdRP, helicase, and 
Argonaute activities) to serve in amplified surveil- 
lance processes triggered by both aberrant mRNA 
structure (3) and dsRNA (26). 


q 


20 


0 0.14 0.3 0.46 0.64 0.1 0 0.44 References and Notes 


1. E. Bernstein, A. Caudy, $. Hammond, G. Hannon, Nature 
409, 363 (2001). 

2. S. Elbashir, W. Lendeckel, T. Tuschl, Genes Dev. 15, 188 (2001). 

3. W. Dougherty, T. Parks, Curr. Opin. Cell Biol. 7, 399 (1995). 

4. H. Cerutti, Trends Genet. 19, 39 (2003). 

5. O. Voinnet, P. Vain, S. Angell, D. Baulcombe, Cell 95, 
177 (1998). 

6. F. Vaistij, L. Jones, D. Baulcombe, Plant Cell 14, 857 (2002). 

. T. Sijen et al, Cell 107, 465 (2001). 

H. Van Houdt, A. Bleys, A. Depicker, Plant Physiol. 131, 

245 (2003). 

M. Alder, S. Dames, J. Gaudet, S. Mango, RNA 9, 25 (2003). 


riphosphate termini. (A) Ligation assay shows that 
amples were sequentially treated with calf intestinal 


quickly than 5’-OH RNAs. (D) sel-2 small RNAs possess 5’-triphosphate 1° Ms Se pee eon se —: 
esized RNAs with 5 -OH (lanes 1 and 6), 5 “monophosphate (lane 2), 5 ce Makevey D. Baraford, Mol ‘Cell 10, 1417 (2002). 
hosphate (lane 4), and 5’-tetraphosphate (lane 5) termini serve as mobility 32. Lau, L. Lim, E. Weinstein, D. Bartel, Science 294, 858 


(2001). 
13. M. Margulies et al., Nature 437, 376 (2005). 
14. J. Ruby et al., Cell 127, 1193 (2006). 
15. J. Boeke, D. Garfinkel, C. Styles, G. Fink, Cell 40, 491 (1985). 
16. J. Cheng et al., Science 308, 1149 (2005). 
17. H. Neu, L. Heppel, j. Biol. Chem. 239, 2927 (1964). 
18. R. Lee, V. Ambros, Science 294, 862 (2001). 
19. R. Lee, C. Hammell, V. Ambros, RNA 12, 589 (2006). 


12 JANUARY 2007 


243 


Mail to notemart@gmail.com for any further request. 


REPORTS 


244 


20. H. Vaucheret, Sci. STKE 2005, pe43 (2005). 28. 

21. S. Elbashir et al., Nature 411, 494 (2001). 

22. S. Elbashir, ]. Martinez, A. Patkaniowska, W. Lendeckel, 
T. Tuschl, EMBO J. 20, 6877 (2001). 

23. F. Rivas et al., Nat. Struct. Mol. Biol. 12, 340 (2005). 

24. J. Parker, S. Roe, D. Barford, EMBO J. 23, 4727 
(2004). 

25. J. Ma et al., Nature 434, 666 (2005). 

26. A. Fire et al., Nature 391, 806 (1998). 

27. Materials and methods are available as supporting 
material on Science Online. 


We thank W.-O. Lui, P. Parameswaran, J. Gent, R. Alcazar, 
C. Krishna, S. Johnson, M. Kay, T. Sijen, S. Siddique, 

F. Tan, M. Cherry, J. Maniar, C. Mello, D. Blanchard, K. Sha, 
C.-Z. Chen, J. Ruby, D. Bartel, D. Baulcombe, S. Burtowski, 
T. Takagi, P. Jackson, J. Leamon, X. Chen, A. Grishok, 

H. Tabara, C. Cecilia-Mello, and the NIH (grant RO1-GM- 
37706) for suggestions and help. The small RNA 
sequencing data accession number is GSE6282. 


Supporting Online Material 
www.sciencemag.org/cgi/content/full/3 15/5809/241/DC1 


Materials and Methods 
SOM Text 

Figs. 51 to S6 

Tables $1 and S2 
References 


21 July 2006; accepted 15 No er Ca 
Published online 23 Novemb@? 


10.1126/science.1132839 


Include this information w this paper. 


Secondary siRNAs Result from 
Unprimed RNA Synthesis and 
Form a Distinct Class 


Titia Sijen,* Florian A. Steiner,* Karen L. Thijssen, Ronald H. A. Plasterkt 


In Caenorhabditis elegans, an effective RNA interference (RNAi) response requires the product} 
of secondary short interfering RNAs (siRNAs) by RNA-directed RNA polymerases (RdRPs). We cl 
secondary siRNAs from transgenic C. elegans lines expressing a single 22-nucleotide prim 
siRNA. Several secondary siRNAs start a few nucleotides downstream of the primary si @ 
indicating that non—RISC (RNA-induced silencing complex)—cleaved mRNAs are subse 
secondary siRNA production. In lines expressing primary siRNAs with single-nucleotid 


secondary siRNAs do not carry the mismatch but contain the nucleotide complem 
mRNA. We infer that RdRPs perform unprimed RNA synthesis. Secondary siRNA 
antisense polarity, carry 5’ di- or triphosphates, and are only in the minority associa 
the RNAi-specific Argonaute protein. Therefore, secondary siRNAs represent 

RNAs. Their biogenesis depends on RdRPs, and we propose that each secqftta 


individual RdRP product. 


(dsRNA) molecules that are cleaved into 

20- to 25-nucleotide (nt) siRNAs, which 
guide cleavage of homologous RNA molecules 
(1). Amplification of RNAi is inferred from the 
spreading of RNA silencing to regions outside the 
inducer sequence (transitive RNAi) (2-4) and 
involves the production of secondary siRNAs for 
which RdRPs have been implicated in nematodes, 
plants, and fungi (5). In vitro, RdRPs can perform 
both primed and unprimed RNA synthesis (6,7) 
In plants, the predominant route appears My 
unprimed (5’ to 3’) RNA synthesis starting a 
end of targeted transcripts and secondary g 
production by DICER cleavages (4, d, - 
nous secondary siRNAs (trans-acti ; 
produced after miRNA-mediated 


R« is triggered by double-stranded RNA 


siRNAs in C. elegans differ 
two aspects: The secondary 
upstream of the initial ds 
they are only of antisen: 
as trigger-derived prj IRNAs are bound by 
RDE-1, the sec As are bound by a 
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with RDE-1, 
tiact class of small 
IRNA is an 


different set of: omute proteins (/5). It is 
unknown how ‘ary SIRNA production in 
C. elegans rin RdRP-dependent 
cRNA syni s primed on a primary siRNA 
or unpri e primary target site. Although 
the size! se secondary siRNAs (20 to 25 nt) 
(3) suggest that they are DICER products, their 
single golarity is difficult to explain. 

tain a single and well-defined entry 
transitive RNAi, we constitutively ex- 
s€d a single 22-nt primary siRNA against the 
1c-22 body wall muscle gene from a miRNA- 
like transgene (fig. S1A). Worms transgenic for 
this 22si-gene show a twitching phenotype 
indicative of unc-22 silencing, and unc-22 
mRNA expression is reduced by 50% (fig. 
S1B). Transitive RNAi in 22si lines has the char- 
acteristic C. elegans pattern, because secondary 
siRNAs occur only upstream of the primary 
target site and are only of antisense polarity 
(Fig. 1A). The 22si twitching phenotype is 
dependent on rde (RNAi-deficient) genes, such 
as rde-I, and not on miRNA-implicated genes, 
such as alg-/ or alg-2 (Table 1). Apparently, the 
22siRNA functions as an siRNA, even though 
it is processed from a primary miRNA-like 
transcript (fig. S1A), and accordingly (/6), 
22siRNA-mediated RNAi depends on matching 
of nucleotides 10, 11, and 12 to the target (fig. S1, 
A and C to E). Secondary siRNAs are absent in 
mutant backgrounds that result in nonphenotypic 


nematodes (T: , confirming that RNAi 
amplificatio uired for a 22si twitching 
phenotype. ary 22siRNA was detected 
in all ba@kgrounds tested (Table 1), in- 
cludi and rde-4 that were previously 
S e deficient in producing primary 
si 17, 18). Size fractionation experiments 

d that in a wild-type (WT) background, 


Uo a occurs in a complex of 100 to 
kD that represents 22siRNA bound to 


E-1 (Fig. 1B), which is presumably the ac- 
tive silencing complex. miRNA complexes 
are larger (250 to 500 kD) (Fig. 1B) (79). In 
rde-1 and rde-4 mutants, the 22siRNA occurs 
in a 500-to 550-kD complex and cofractionates 
with DCR-1 (Fig. 1B). The passenger strand (the 
strand of an siRNA-duplex not incorporated into 
RISC), which is below detection in a WT back- 
ground, accumulates in rde-/ and rde-4 mutants 
and cofractionates with the guide strand (the 
RISC-incorporated siRNA strand) (Fig. 1B). We 
infer that, in the absence of RDE-1 or RDE-4, 
the 22siRNA duplex remains in the DICER 
complex and the active silencing complex fails 
to be generated. 

To determine the repertoire of secondary 
siRNAs generated during 22siRNA silencing, we 
cloned small RNAs by using a linker-independent 
protocol and sequence-selected secondary siRNAs 
by using biotinylated unc-22-specific oligonu- 
cleotides. Two different biotin oligonucleotides 
were used; oligo 1, which selects for secondary 
siRNAs in the 75-nt region immediately upstream 
of the primary siRNA (Fig. 2A); and oligo 2, 
which selects for primary and secondary siRNAs 
in a 50-nt region around the 22si target site (Fig. 
2B). Consistent with ribonuclease protection assay 
(RPA) analyses (Fig. 1A), the cloned secondary 
siRNAs are of antisense polarity only and have a 
predominant length of 21 to 22 nt (table S1). Their 
production starts a few nucleotides downstream of 
the primary siRNA target site (Fig. 2B; table S2, 
column 1), which shows that non—-RISC-cleaved 
mRNAs are among the substrates for secondary 
siRNA production. Because no further down- 
stream secondary siRNAs are detected in RPA 
analyses (using 500-nt probes) (Fig. 1A), we infer 
that RdRP recruitment is restricted to the region 
around the primary siRNA. The generation of 
secondary siRNAs is a regulated process because 
similar sets of secondary siRNAs were cloned 
(Fig. 2A; table S1) in independent 22si worm lines 
and cloning experiments. RNA gel blots detecting 
secondary siRNAs showed that most of the 22si 
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signal is RdRP-independent and represents pri- tive steps: either by progressive cleavages on a DICER products have 5'-monophogg 
mary siRNAs (fig. S2A). The secondary siRNAs cRNA (by, e.g., DICER) or by multiple rounds of — 2',3’-hydroxy termini. miR-58 and 22¢ h are 
appear to be in a phased register, suggesting that amplification (secondary siRNAs invoking tertiary both cleaved by DICER from aygigak 
secondary siRNA production occurs via consecu- _ siRNA production). cursor) and the secondary siRN. 
2’,3'-hydroxyl groups, becauseffaly Os 

probe —_ ere sense en as _Sown-sense- sense __down-as as eliminated RNAs (20) e nt faster than 

worm line: 22siwttRNA 22siwt tRNA 22siwt tRNA 22si wt tRNA the untreated RNAs (Fj ~ fig. S2B). Like 
miR-58 and 22siRNA, dary siRNAs con- 

H tain 5'-phosphates, b ~~ phosphatase— 


oot: treated RNAs mi jout half a nucleotide 


slower than un} As (Fig. 2C and fig. 
iR-58 and 22si molecules, 
siRNAs migrate somewhat 
up 22si down slower than -monophosphorylated deriva- 

B 5 tives d fig. S2B), suggesting that 
Strain unc-22 phenotype — ora ” ~ — detection method zs. As carry a different number of 
22s\ guide PE s. Absence of a 5'-monophosphate 

HA:RDE-1 western 0 inferred from ligation experiments 
4 RNA ligase, which requires a S’- 


une —f- 


22si 
22siHA:RDE-1;FLAG:RDE-4 a .: 
+ 225 guide PEonHA:RDE-1 


22si; 1 G::RDE-4 
tiene RNA-IP phosphate; the 5’ linker successfully ligated 


22siHA::RDE-1;FLAG:;RDE-4 yes DICER eaeiy on iR-58 and 22siRNA but failed to ligate to 
activity FLAG::RDE econdary siRNAs (Fig. 2D). Secondary siRNAs 


a 


22s:HA:RDE-1:FLAG:ROE-4 yes (__ = a] aa RDE-4 @ have 5’ di- or triphosphate because they can be 
penis a capped with vaccinia virus capping enzyme, as 

_ @ deduced from a 2-nt slower migration (Fig. 2E). A 
22s\,rde-1 minority of 22siRNAs can be capped and represent 
22si;rde-4 * 205i gu aA) secondary siRNAs of the same sequence as the 

+ primary siRNA (Fig. 2E). From these findings we 
. pad : 2 oh": is infer that it is unlikely that secondary siRNAs in 


C. elegans are products of consecutive DICER 
ge! filtration fractions cleavages, although we cannot exclude that they 
unc-22 transitive  2¢ modified after dicing. Alternatively, they either 
ic lines occur only 2 21- or 22-nt CRNAs (short RdRP products), or 
arity, as analyzed by _ they are cleaved from longer cRNAs by an alter- 
munoprecipitation (IP), native nuclease or by an alternative way of dicing. 
estern blot analysis, and Several alternatives exist for initiation of 
osition in the various gel secondary siRNA production: (i) CRNA synthe- 
primer extension or DICER _ sis occurs primed on 22siRNA molecules; (ii) 


Fig. 1. Expression of a 22-nt unc-22 siRNA from miRNA-like transgene re 
RNAi that is dependent on rde-1, rde-4. (A) Secondary siRNAs in 22si 
for the region upstream of the primary siRNA and are only of antjs 
RPAs with 500-nt single-stranded probes. (B) Analyses of size frac 
RNA-IP, primer extension (PE) with 18-nt end-labeled oligonucle 

DICER activity assay were used to determine protein and o 
filtration fractions. Arrows indicate the 22-nt products gen iy 


activity. Empty spaces indicate that the size fraction was e cRNA synthesis starts unprimed at 22si-RISC— 
Table 1. Genetic requirements for 22si function. 

Background Predicted/known fun, unc-22 —_K — siRNAs* 22sisiRNA{ 22si in size fractionationt 
WT WT Yes RDE-1 peak 

dcr-1 dsRNase wine As al ‘i ND ND 

alg-1 Argonaute Yes ND Yes RDE-1 peak 

alg-2 Argonaute Pn Yes ND Yes RDE-1 peak 

tsn-1 RISC com Drosophila Yes Yes Yes RDE-1 peak 

vig-1 RISC nt Drosophila Yes ND ND ND 

rde-1 an iRNAs No No Yes DICER peak 

rde-4 Re cofactor) No ND Yes DICER peak 

rde-3 ucleotidyltransferase) No No Yes RDE-1 peak 

rrf-1 RNAi (RdRP) No No Yes RDE-1 peak 

rde-2 or” RNAi Yes ND Yes RDE-1 peak 
mut-15 Oi No No Yes RDE-1 peak 
mut-16 Germline RNAi No No Yes RDE-1 peak 

rrf-3 Suppressor RNAi (RdRP) Severe# Yes Yes RDE-1 peak 

eri-1 @ Suppressor RNAi (siRNase) Severe Yes Yes RDE-1 peak 
rrf-1;eri-1 ~ RNAi + suppressor RNAi No ND Yes RDE-1 peak 
ref-1;rrf-3 @) RNAi + suppressor RNAi No ND Yes ND 

rde-1;eri-1 RNAi + suppressor RNAi No ND ND ND 

— RNAi + rescue Yes ND Yes RDE-1 peak 
*Determin S. {Determined by primer extension analysis. fRepresentative patterns in Fig. 1D. §Maternal contribution may influence analysis. [Some nonphenotypic 
unc-2g n bat ps were observed when dcr-1—specific RNAi (feeding assay) was performed on 22si;eri-1 worms. {INot determined. #Nematodes are paralyzed, which represents a 


Phenotype compared to twitching. 
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cleaved mRNA; and (iii) RdRPs are recruited to 
an mRNA targeted by a 22siRNA, and unprimed 
cRNA synthesis occurs by internal entry around 
the target site. Occurrence of this third route is 
supported by the finding that secondary siRNA 
production occurs a few nucleotides downstream 
of the primary siRNA. To investigate whether 
cRNA is generated by elongation of the primary 
siRNA, we generated two new transgenic lines in 


Fig. 2. Secondary siRNA A 
sequences, frequencies, and 
properties. (A) Schematic repre- 
sentation of secondary siRNAs 
cloned from three independent 
22si lines with biotinylated 
oligo 1 (bold sequence). 
Secondary siRNAs are of anti- 
sense polarity. The thickness of 
the lines representing the 
secondary siRNAs indicates the 
number of clones. (B) Secondary 
siRNAs cloned from 22si line 3 in 
a en-1 background with bio- 
tinylated oligo 2 (bold sequence). 
(C) Migration of untreated, 
dephosphorylated [shrimp alka- 
line phosphatase (SAP)—treated], 
monophosphorylated [SAP- and 
T4 polynucleotide kinase (PNK)— 
treated] and NAIO,-reacted, B- 
eliminated RNAs. (D) RNA gel 
blot analysis of linker ligation 
assays with a 5’ linker and T4 
RNA ligase. M, RNA marker. 
Input consists of gel-isolated 
15- to 30-nt RNA fraction or 
RNAs isolated from IPs with a 
hemagglutin (HA)-specific an- 
tibody on 22si;HA::RDE-1;FLAG:: 
RDE-4 nematodes. (E) RNA gel 
blot analysis of capping assay. 


gaaaccaccaaaggaugauggaggugcugaad 


which the 22siRNA carries a single mismatch to 
the unc-22 target mRNA at position 21 or posi- 
tion 11. Replacement of the mismatches within 
the secondary siRNAs would show unprimed 
cRNA synthesis, whereas primed synthesis would 
result in maintenance of the mismatched nucleo- 
tide in the secondary siRNA. Both 22si-mm21 
and 22si-mm11 transgenic nematodes show a 
weak twitching phenotype indicative of unc-22 
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silencing and produce relatively lo 
secondary siRNAs (Fig. 3A), possib. 
presence of a single-nucleotig 
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complementary to the r 
table S2). Thus, se 


, both mm21 
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(Fig. 3, B and C; 

siRNA production 
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The bacterial endosymbiont of the deep-sea tube worm Riftia pachyptila has never been 
successfully cultivated outside its host. In the absence of cultivation data, we have taken a 
proteomic approach based on the metagenome sequence to study the metabolism of this peculiar 
microorganism in detail. As one result, we found that three major sulfide oxidation proteins 
constitute ~12% of the total cytosolic proteome, which highlights the essential role of these 


RISC-cleaved mRNAs = intemal enzymes for the symbiont’s energy metabolism. Unexpectedly, the symbiont uses the reductive 
entry of the RdRP. A 3! nogggogress#e DICER  tricarboxylic acid cycle in addition to the previously identified Calvin cycle for CO> fixation. 
cleavage may be responsi generating the 

secondary siRNA 3’ end ding the mRNA iftia pachyptila inhabits deep-sea hydro- _drothermal fluids and oxygen in the seawater (5). 
(fig. S4). We find that 2siRNA, a single- Re vent areas along mid-ocean ridges | Compared with free-living sulfur oxidizers, the 
nucleotide mismatch es silencing efficiency in the East Pacific (/). Instead of con- symbionts benefit from high nutrient concen- 


trations within the worm’s body (6), which allow 
for a high metabolic activity. The microbially 
produced carbon compounds are transferred to 


taining a digestive system, the worm’s coelomic 
cavity is densely populated by a single species of 
sulfide-oxidizing gamma-proteobacteria that pro- 


considerably. ~~ strict prerequisites for 
inducing ven, ESRNAI protect organisms 


against uninten “target effects (22, 23). 
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vide for their host’s carbon and energy supply by 
fixing CO, from the surrounding water (2-4). 
Microbial chemosynthesis is sustained by the 
presence of H>S originating from reduced hy- 


the host, making R. pachyptila one of the fastest- 
growing marine invertebrates known (7). 

We took a functional genomics approach to 
analyze the proteome and hence to derive 
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information on the physiology of the uncultured 
Riftia symbionts. The sequencing of the symbiont 
genome was conducted by a metagenome 
approach. Bacterial symbionts were isolated and 
separated from the host tissue, the so-called 
trophosome (8). Using one- and two-dimensional 
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(2D) gel electrophoresis, we established reference 
maps (master gels) of the soluble intracellular and 
the membrane-associated bacterial proteome, on 
which more than 220 identified proteins have 
been registered so far (Fig. 1 and fig. S1). Our 
procedures were reproducible and showed the 
presence of a single endosymbiont species (9) 
with no indication of other bacterial or host tissue 
contaminants. The proteomic approach provided 
evidence regarding which of the predicted genes 
are expressed under natural growth conditions. 
Levels of protein synthesis reflect the relative 
proportion of translational capacity that is invested 
in the individual metabolic paths, and we can 
deduce the relevance of particular proteins for the 
symbionts’ physiology. On the basis of our 


pathways of the symbionts’ metabolt 
sulfide oxidation pathway (fig. S2) 
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geste tions displayed in fig. S2: H2S is 
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oxidized to SO;7 in a six-electron step; this is 
subsequently converted to adenosine phosphosul- 
fate (APS), with consumption of adenosine 
monophosphate (AMP). The final oxidation step 
yields ATP by substrate-level phosphorylation 
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and simultaneously creates the end product, 
SO,°. Although these enzymes were originally 
described as part of the reverse pathway in sulfate- 
reducing bacteria (as reflected in their names), it 
has long been proposed that they can function just 


Table 1. Comparison of Riftia symbiont protein spot intensities under high- and low-sulfur con- 
ditions. Spot intensities of selected proteins were compared in 2D gel images from sulfur-rich and 
sulfur-depleted trophosome samples (see SOM for details). Positive ratios represent the factor by 
which the respective spot intensity was higher on the gels from sulfur-rich trophosomes. Negative 
ratios give the factor by which spot intensity was higher under low-sulfur conditions. The listed 
protein spots are highlighted in Fig. 2. 


Protein Function Spot ratio 
Proteins with higher spot intensity in sulfur-rich trophosome samples 

AprA Adenylylsulfate reductase, o subunit 8.20 
CbbM RuBisCO form Il, large subunit 4.29 
DsrA Dissimilatory sulfite reductase, @ subunit 3.55 
HdrA2 Heterodisulfide reductase, subunit A 2.26 
DsrL Predicted NADPH:acceptor oxidoreductase 1.92 
DsrC Dissimilatory sulfite reductase, y subunit 1.47 
AprB Adenylylsulfate reductase, B subunit 

Proteins with higher spot intensity in sulfur-depleted trophosome samples 
SdhA Putative fumarate reductase, flavoprotein subunit 
OadA Oxaloacetate decarboxylase, a subunit 
Porl Pyruvate:flavodoxin/ferredoxin oxidoreductase : 
SucC Succinyl CoA ligase, B subunit ‘e) —6.75 
PorG Pyruvate:ferredoxin/flavodoxin oxidoreductase, y subunit —6.13 
KorB 2-Oxoglutarate synthase, B subunit & 4.57 
AcnA Aconitase A —4.50 
Mdh1 Malate dehydrogenase wm, —2.36 
SucD Succinyl-CoA synthetase, o subunit —2.12 
PorA Pyruvate:flavodoxin/ferredoxin oxidoreductase, a subupi —2.03 


-rich, green, and sulfur-depleted tissue, red spots) and overlaid. Selected proteins with distinct 
eir relative spot volumes from one gel to the other are indicated (see SOM for details). 
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as well in the opposite direction (/0). ive 
analyses of the respective protein @ibt our 
study revealed that the three EO sulfide 
oxidation proteins DsrA, AprA/ nd SopT 
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se enzymes for 
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otein master gel, we 

symbiont’s carbon 


symbiont proteome in a 
highlights the essentialgo 
the symbiont’s energy nf 


also examined tl 
metabolism. Weg 
involved in th y-generating TCA cycle. 
Moreover, the enzyme 2-oxoglutarate: 


ferredoxin ductase B subunit (KorB), 


sever: a pyruvate:ferredoxin oxido- 
reduc nits Porl, Por2, and PorA/PorG), 
a marate reductase (subunits SdhA/ 


Oo enzymes could run the TCA cycle in the 
uctive direction (fig. S3). This cycle repre- 


ents an alternative CO, fixation mechanism that 
requires less energy than the Calvin cycle for 
each three-carbon unit formed. Considering the 
great abundance of these four key enzymes on 
the protein gels (see relative spot volumes in table 
S1), we suggest that the reductive TCA cycle is 
not only a possibility, but a very important feature 
of the Riftia symbiont’s carbon metabolism. 

To verify the symbiont’s capability for using the 
reductive TCA cycle for CO fixation, we tested 
cell extracts of isolated bacteria for activity of the 
above-mentioned key enzymes: The assays clearly 
revealed specific enzyme activities in all four cases 
that are higher than those previously reported for 
ribulose-1,5-bisphosphate carboxylase-oxygenase 
(RuBisCO) (//) (table S2). 

The results of our proteome analysis, in 
combination with the measured enzyme activities, 
provide strong evidence that the Riftia symbionts, 
which have been considered a prime example for 
chemolithoautotrophic carbon fixation via the 
Calvin cycle, use, at least partly, the reductive 
TCA cycle for autotrophic carbon fixation as well. 
This might explain the long-standing dilemma 
that the stable carbon isotopic composition of the 
Riftia symbiont is substantially heavier (A'°C of 
—9 to —16%o) than would be expected by the use of 
the Calvin cycle alone (/2). The observed isotopic 
variation most likely results from varying con- 
tributions by the reductive TCA cycle and the 
Calvin cycle. It is also interesting to note that, 
concordant with previous findings (/2), RuBisCO 
constitutes only ~1% of the Riftia symbiont’s total 
protein on our gels. This is a small percentage 
compared with other bacteria that use only the 
Calvin cycle for CO, fixation, where RuBisCO 
is usually the major protein and can account for 
4 to 50% of the total soluble protein (/3). The 
apparent discrepancy between the low concen- 
tration and the relatively high activity of 
RuBisCO in the trophosome (4) and the pos- 
sible occurrence of two carbon fixation path- 
ways in one organism certainly warrant further 
investigations. 
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Riftia symbionts can store elemental sulfur 
in their periplasm if high concentrations of H,S 
are available (/4); these stores result in a light 
green, almost yellow trophosome. The tissue ap- 
pears dark green or black (/5) when sulfur is 
limiting. To analyze the symbionts’ potential 
responses to changing environmental conditions, 
we compared bacterial protein patterns from 
naturally occurring sulfur-rich and from sulfur- 
depleted trophosome tissues. Under high-sulfide 
conditions, the resulting 2D gels revealed a 
distinctly higher spot intensity for enzymes 
involved in sulfide oxidation and for RuBisCO, 
compared with low-sulfur conditions (Table 1, 
Fig. 2). Spot intensities of the sulfide oxidation 
enzymes AprA and DsrA were about eight and 
four times, respectively, those under low-sulfur 
conditions. This indicates that Riftia symbionts 
are capable of adjusting the production of en- 
zymes needed for energy metabolism to the 
prevailing environmental conditions. In bacteria 
from tissue with little or no stored sulfur (dark 
trophosomes), the protein spot volume of the 
putative fumarate reductase subunit SdhA was 
about 24 times as high as, and the spot volume 
of the putative pyruvate:ferredoxin oxido- 
reductase Porl was about 9 times as high as 
that in sulfur-rich, light trophosome (Fig. 2, 
Table 1). Several other enzymes involved in the 
reductive TCA cycle, including two other 
pyruvate:ferredoxin oxidoreductase subunits, 
PorG and PorA, and the 2-oxoglutarate synthase 


Fig. 3. Compargn 
taken before an 
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subunit KorB, could also be detected with 
elevated spot volumes in samples from sulfur- 
depleted trophosomes. This suggests that the 
Riftia symbiont might be capable of adapting to 
a temporary low-energy situation by adjusting 
its way of carbon fixation: The use of the Calvin 
cycle might be reduced in favor of the up- 
regulation of the energetically more favorable 
reductive TCA cycle. Because Riftia symbionts 
have also been shown to produce glycogen as a 
carbon storage compound (/6), it might even be 
speculated that—for example, under long-lasting 
or severe low-energy conditions—their metabo- 
lism switches from an autotrophic mode to a 
heterotrophic mode. In this case, the symbiont 
might revert to burning carbon reserves through 
glycolysis and the oxidative TCA cycle to gen- 
erate energy and precursors for biosynthesis. The 
symbiont might thus be able to use the TCA 
cycle in the oxidative and reductive direction, 
depending on the environmental condition 
which would allow for a high metabolic flexi] 
ity. Apparently, the true nature of the 
symbiont’s metabolic strategies is muc 
complex than expected. Further detg 
tigations are needed to explicitly ¢ 
validate these hypotheses. 

Physiological tests revealed 


otein patterns in response to oxidative stress. The 2D gels show proteins from samples 
in after the addition of 2 mM H,0, to a suspension of isolated Riftia symbionts. Both 
ored (control, green spots, and stress sample, red spots) and overlaid. The oxidative stress protein 
Rad). Because of the delayed deformylation of the newly synthesized protein during the massive 

pC production, the protein spot shifts to a slightly more acidic pH. The “new” AhpC, produced 
6S with H20z is thus visible as red spots right next to the “old” AhpC, visible as green spots. 
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An H-NS-like Stealth Protein 
Aids Horizontal DNA Transmission 
in Bacteria 


Marie Doyle,’ Maria Fookes,” Al Ivens,” Michael W. Mangan,’ John Wain,’ Charles J. Dorman** 


The Sfh protein is encoded by self-transmissible plasmids involved in human typhoid and is 
closely related to the global regulator H-NS. We have found that Sfh provides a stealth function 
that allows the plasmids to be transmitted to new bacterial hosts with minimal effects on their 
fitness. Introducing the plasmid without the sfh gene imposes a mild H-NS” phenotype and a 
severe loss of fitness due to titration of the cellular pool of H-NS by the A+T-rich plasmid. This 
stealth strategy seems to be used widely to aid horizontal DNA transmission and has important 
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transcriptome, competitive fitness, an 
of the transconjugants. Surprising! 
duction of pSf-R27 resulted in 
changes in the recipient, where 
ative (pSf-R27Asfh) exerted 
effects. 

The native pSER2@p ‘Maltered the tran- 
scription of a limited ni f S. Typhimurium 
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than a doublin: scription (table S2). In 
contrast, the 4 ction of the sfh-deleted 
n resulted in altered expres- 
er range of genes distributed 


sfh deriv- 
ang unexpected 


implications for bacterial evolution. 


orizontal transfer of genetic material 
Hew bacteria to acquire new traits, 

such as those contributing to virulence 
or symbiosis, or resistance to antibiotics and 
other antimicrobial agents (/, 2). An unresolved 
issue in studies of horizontal transfer is how the 
newly acquired genes become embedded in the 
regulatory networks of the host in ways that 
promote the long-term interests of both the 
genes and the host (3). Importing even a 
structurally simple plasmid can impose a fitness 
cost on the bacterium (4-6), so one might 
anticipate that the arrival of large groups of 
genes could place the recipient at a competitive 
disadvantage. 

R27 is a large plasmid that was isolated 
from Salmonella enterica serovar Typhimurium 
(S. Typhimurium) in the early 1960s (7) and has 
been detected more recently in S. Typhi out- 
breaks in India, Pakistan, and Southeast Asia 
(8, 9). An IncHI1 plasmid called pSf-R27 that is 
55% A+T and 99.7% identical to R27 was 
discovered in Shigella flexneri 2a strain 2457T 
(3, 10-12). The plasmids differ in that pSf-R27 
harbors no antibiotic resistance genes. Like 


protein that is 59% identical to the D 
binding protein H-NS (3, 10, /7), an abun 
nucleic acid binding protein found in 
Gram-negative bacteria. H-NS binds 
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es involved in bacterial virulence, mo- 

the DNA damage response, and central 
bolism. The effect on genes contributing to 
h of these processes was confirmed by the 


pSf-R27, with or without a functioning sfh 
gene, into the mouse-virulent SL1344 strain of 
S. Typhimurium. We observed the effect on 
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Fig. 1. The impact of plasmids pSf-R27 and pSf-R27Asfh on the transcriptome of $L1344. Data are 
presented for exponential (white bars) and stationary-phase (black bars) microarray data from SL1344 
versus SL1344 (pSf-R27) (A) and SL1344 (pSf-R27) versus $L1344 (pSf-R27Asfh) (B). Gene categories are 
given at the left of each panel and are based on the Kyoto Encyclopedia of Genes and Genomics (KEGG). 
The histograms represent the percentage of genes in each category affected by the introduction of the 
plasmid. 
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Fig. 2. The effect of plasmids pSf-R27 and pSf-R27Asfh on bacterial host survival in J774-A.1 macrop 
]774-A.1 macrophage-like cells were infected with SL1344, SL1344 (pSf-R27), or SL1344 (pSf-R27 
described in supporting online material. Bacteria were recovered at the time intervals shown, 
number of colony-forming units of each bacterial strain was determined. 


Table 1. Bacterial competitive fitness measure- 
ments. Relative mean fitness values shown are with 
reference to the common competitor $L1344 Nal’. 


2 Relative 

Strain z 

mean fitness 
$L1344 1.02 + 0.04 
SL1344 (pSf-R27) 0.83 + 0.01 
$L1344 (pSf-R27Asfh) 0.22 + 0.04 
SL1344 (pSf-R27Asfh pPD101) 0.47 + 0.06 
$L1344 (pSf-R27Asfh pPD101sfh) 1.30 + 0.07 
$L1344 (pUC18) 0.72 + 0.03 
$L1344 (pUCA+T) 0.47 + 0.02 
$L1344 (pUCA+T, pPD101sfh) 0.98 + 0.02 
SL1344 (pPD101sfh) 


reverse transcription polymerase chain reac 
tion (figs. S1 and S2). Consistent with 


ant to ultraviolet radiation than cigh e 


changes seen in its transcriptome, QD 
(pSf-R27Asfh) was considerably my 
e 


other strains (fig. S1) and had a ced 
level of survival in macrophage€@ jig. 2). It 
also displayed reduced motilit 2). The 
changes in motility and v ce were 


reminiscent of the phenotyggs of /¥% mutants 
(14-16). Full motility vrs when the 
hns gene was express a recombinant 
plasmid, and the clon gene also restored 
full motility in an j ant, consistent with 
the known inte ility of these proteins 
(fig. S2). 

Overall, th ta suggested a correlation 
between th presence of the pSf-R27Asfh 
plasmid n4 mild H-NS” phenotype, even 
though Ss gene on the Salmonella chromo- 
Ne) ed intact and its expression was 


© 


unaltered (tables S1 to S4). G wide- 
ranging influence of pSf-R27. in the gene 
expression profile and seypral PRienotypes of 


SL1344, we tested the 
introduction of this p 

the competitive fitn 
presence of pSf-R2 
on the fitness 
plasmid pSf- 


ybility that the 
might influence 

e bacterium. The 
mild negative effect 
4, whereas the mutant 
strongly reduced bacte- 
rial fitness ( . H-NS is known to target 
A+T-rich es in the Salmonella genome 


(5, Ce: phenotype of the ex- 


conjugaéits Jarboring pSf-R27Asfh suggested 
that the “rich plasmid might influence the 


1.06 + 0.02 = gigbal « expression pattern of the bactertum— 


its fitness—by titrating H-NS, a protein 
osely related to Sfh. Both proteins bind 
~R27Asfh (fig. S3) and have strikingly 
imilar DNA structural requirements for bind- 
ing (/0, 1). They also bind to the regulatory 
region of the ssrA virulence regulatory gene 
(fig. S4) and other genes identified in this study 
as responding to the presence of pSf-R27Asfh. 
We tested this hypothesis by cloning the DNA 
fragment encompassing the Sfh/H-NS binding 
region from the ssrA promoter into plasmid 
pUC18. Such binding regions consist of a nu- 
cleation site from which H-NS can polymerize 
along the DNA (/3). This construct caused a 
strong reduction in SL1344 fitness, and the 
subsequent introduction of a compatible re- 
combinant plasmid (pPD10I1sfh) expressing 
the Sfh protein restored fitness (Table 1). This 
showed that the reduction in fitness was 
due to the presence of multiple copies of the 
H-NS/Sfh binding region and did not require any 
property that was specific to the pSfR27Asfh 
plasmid. 


We propose that sfh is a stealth hat 
allows the A+T-rich pSf-R27 plas enter 
new bacterial hosts with a mini act on 
global gene expression patte fitness, 
ensuring the future competiti of the new 


plasmid-host combinatiog. ThiSfategy has the 
effect of smoothing ig Rag transmission 
of genetic informatio in and between 
bacterial popultiof Ry evidenced by the 
presence of /ns-lj s on other plasmids 
(17-20) and on izontally acquired A+T- 
ch as pathogenicity islands 


that are kn bind H-NS (20, 21). The 
positive eff ompetitive fitness of adding 
the sf 0 @mmonly used cloning vectors 
has o yotechnological implications. 
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Picobiliphytes: A Marine Picoplanktonic 
Algal Group with Unknown Affinities 


to Other Eukaryotes 


Fabrice Not,’*+§ Klaus Valentin,*+ Khadidja Romari,*+ Connie Lovejoy,* 
Ramon Massana,* Kerstin Tébe,? Daniel Vaulot,? Linda K. Medlin?§ 


Environmental sequencing has revealed unimagined diversity among eukaryotic picoplankton. A 
distinct picoplanktonic algal group, initially detected from 185 ribosomal DNA (rDNA) sequences, was 
hybridized with rRNA A-targeted (rRNA-targeted) probes, detected by tyramide signal amplification— 
fluorescent in situ hybridization, and showed an organelle-like body with orange fluorescence 
indicative of phycobilins. Using this fluorescence signal, cells were sorted by flow cytometry and 
probed. Hybridized cells contained a 4 ’,6 -diamidino-2-phenylindole—stained organelle resembling a 
plastid with a nucleomorph. This suggests that they may be secondary endosymbiotic algae. Pending 
the isolation of living cells and their formal description, these algae have been termed picobiliphytes. 


olecular tools applied to DNA re- 
Meee from marine microorganisms 

have revealed considerable diversity 
among the smallest eukaryotic cells (/—3), 
paralleling that found among marine prokary- 
otes. Together with a high taxonomic diversity, 
the finding of many sequences unrelated to 
those of known organisms was an additional 
striking feature of these first studies. Clone 
libraries for the eukaryotic 18S ribosomal RNA 
(rRNA) gene were constructed at different times 
from fractionated water samples (using a filter 
pore size of 3 um) from three coastal sites (4-6), 
and additional libraries were established from 
three more open-water sites (7, 8) (table S2). A 
particular group of sequences was recovered 
irregularly throughout the year (8) (table S2) 
and referred to as the “Rosko II” group from 
partial 18S sequence phylogenies from these 
sites (4-6). Analyses of full-length sequences 
(8) reveal that they form an independent 
phylogenetic group among major eukaryotic 
taxa (Fig. 1), (9, 70), which we have tentatively 
called picobiliphytes. Our complex iterative 


Bayesian analyses (8) indicate that the picobili 
phytes are an independent lineage, poss 
e 


having a weak sister relationship wi 
cryptophyte/katabletablepharid clade, al 

its true sister group is difficult to asy | 
single gene phylogeny. The inabili 
an affinity of the picobiliphytes 
major eukaryotic group (tab 
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eukaryotic 18S rDNA tree was confirmed wi 
the Kashino-Hasagawa test (8) (table S3). 
deep branching suggests that they pro 
deserve a taxonomic rank of division or 
Picobiliphytes consist of at lea 
ferent clades (Fig. 1), for which we 
identify two signature sequence: 
(5'-GCGTGATGCCAAAA 
PICOBIO2 (5'-ATATGCCCG 
which target most picobiliphytes 
S5). They have two or m ignatches with all 
available GenBank “Cy from cultivated 
protists (tables S4 a nd do not display 
any fluorescence bridized to a variety 
of algal strains Roscoff Culture Col- 
lection (8, // S6). In addition, they 
match a set o ditional environmental 18S 


’) and 
CCGT-3’), 
bles S4 and 


rDNA p ences: four from the western 
North A; 2) and one from a mid-Atlantic 
estuary egat Bay, New Jersey), extending 
the possiBfe distribution of the picobiliphytes. 


These grobes enabled us to determine, by mi- 

“4 after tyramide signal amplification— 
ent in situ hybridization (TSA-FISH) 
), the gross morphology of fixed cells from 
e Roscoff coastal site (Fig. 1 and fig. S1). The 
morphology of other unknown marine protist 
groups was also determined by Massana et al. 
(/4), using probe methods. 

Picobiliphytes are unicellular, slightly ob- 
long, and approximately 2 x 6 um (n = 9 cells) 
and were recovered in the picoplankton size 
fraction of our water samples because they 
probably passed though the 3-um pores in 
the filter by way of their smallest dimension. 
Thus, we have referred to them as picoplank- 
ton. One remarkable feature is the presence of 
an organelle-like structure having orange auto- 
fluorescence when excited with blue light under 
epifluorescence microscopy (Fig. 1), a structure 
similar to that of phycobiliprotein-containing 
rhodophytes and cryptomonads (fig. S1). These 
pigments, in contrast to chlorophylls, are water- 
soluble (/5) and thus not removed by the TSA- 
FISH alcohol dehydration steps. Moreover, any 


REPORTS ; 


fluoresces yellow, not orange, und 
(fig. S1). Thus, picobiliphytes p 
phycobiliprotein-containing 
probably a plastid. Another 
is a small body that is stginabl 
acid—specific dye D. '@6-diamidino-2- 
phenylindole), distinct e main nucleus 
and consistently see se proximity to the 
presumed plastid (Gio @grig. S1). 


Picobiliphyt ces have been found in 
a variety of systems, including the 
European ¢ , the North Atlantic (from 
GenBank rches), and the Arctic Ocean 


(7). 1f®k at their abundance, applying 
TSA- size-fractionated (<3 tum) sea- 
Ww es from the English Channel, re- 


at picobiliphytes occurred mostly in 
d winter and were not detected by FISH in 
er, although their sequences were occa- 
nally detected in summer clone libraries 
tables S2 and S8). Their concentration, up to 
80 cells mI /, accounted for about 1.6% of the 
total picoeukaryote cell counts at one coastal 
station in the English Channel and corresponded 
to a major proportion (33 to 81%) of orange- 
fluorescing picoeukaryotic cells detected by 
blue laser flow cytometry (tables S7 and S8). 
In one particular sample, cells exhibiting this 
fluorescence were sorted by flow cytometry and 
subsequently hybridized by TSA-FISH with our 
two probes (8) (table S7). We found that 48 to 
61% of the sorted cells were labeled with probes 
PICOBIO1 and PICOBIO2, suggesting that the 
picobiliphytes may constitute a substantial pro- 
portion of the orange-fluorescing eukaryotic 
picoplankton previously thought to be crypto- 
phytes (/6). The fact that our cells could have 
been sorted and enriched with a phycobilin 
pigment signature detected with flow cytometry 
further supports the contention that they actually 
possess such pigments (/5, /6). 

The inferred presence of a phycobiliprotein- 
containing plastid in picobiliphytes is in good 
agreement with their putative sister relationship 
to cryptophytes and katablepharids, the first of 
which contain phycobiliproteins. Whereas cryp- 
tophytes are common in the marine nanophyto- 
plankton, pico-sized cryptophytes are not as 
abundant, as judged by their relative frequency 
in clone libraries; and where found, their 18S 
rDNA sequence places them as an independent 
lineage within the nano-sized cryptomonads 
(5, 6). There are also small cell forms among the 
red algae, such as the marine Porphyridiales, but 
our group does not belong to the rhodophytes, 
based on our phylogenetic analysis. Crypto- 
phytes are a well-known example of a second- 
ary endosymbiosis of a rhodophyte, which 
brings phycobilin pigments to the new host cell. 
Because picobiliphytes are sister to the crypto- 
phyte/katabletablepharid clade in most of our 
complex Bayesian analyses (8) (Fig. 1), it would 
be most parsimonious to assume that our group 
is a secondary endosymbiotic alga. The small 
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body stainable with the nucleic acid—specific 
dye DAPI (Fig. 1) may be a DNA-containing 
nucleomorph, similar to that found in crypto- 


phytes and chlorarachniophytes (/7), support- 
ing the idea that picobiliphytes are another 
secondary endosymbiotic algal group (/8). 
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Fig. 1. Phylogenetic trees were rq cted from full-length 185 rRNA sequence data listed in table 
S1 and inferred with Bayesian and@@sisprom two parallel runs, each with one million generations with six 
chains and increased temperature beW@pen the chains to facilitate exchange between the chains (8). This 
tree is the 50% majority-ru of the last 100 trees saved from one of the parallel runs. Support for 
each node was also deter with 100 replicated bootstrap analyses of weighted maximum 
parsimony and neighbo kod analyses. Nodes supported by bootstrap or posterior probability values 
above 50% are label three methods used (MrBayes/maximum parsimony/neighbor-joining). If 
a clade was not by a method, it is indicated by a dash. The asterisk indicates that internal 
major clades we ed by 100 posterior probabilities from the MrBayes analysis. PICOBIO1 and 
PICOBIO2 are sp@tifigtr the sequences belonging to the three clades as bracketed. (Insert) Picture of a 
cell targeted b probe PICOBIO2 (specific for picobiliphyte clade 2) from the Roscoff ASTAN 
sampling i 26 September 2001. Arrows point to the DAPI-stained nucleus (nuc) in blue, to the 


green flu ce from probe-specific labeling of the small subunit rRNA in the cytoplasm (cyto), and 
to the r otluorescence from the phycobiliprotein-containing organelle (PBPorg). Double asterisks 
ind ences not recognized by the probes. 


Kleptoplastidy is another possibilj 
in the katablepharids (/9, 20), whic 
the cryptophytes are the picob 


ported sister group. However, lastidy is 
unlikely in such small omy the absence 
of living cells to follow throug division, we 
screened filtered “pegs! water for 
cells that hybridized probes, using a 
ChemScan solid-ph: meter (8) (fig. S2). 
We never encoun sitive cells without a 
plastid on the scanned by the laser, 


e 
which implies @gt‘We cells are predominately 
toplastidy does not seem 


pigmented, 
very likely. 
iC@biliphytes representatives of 


anoth' lgal secondary endosymbiosis, 
s mo-alveolates, in the broad sense, 
'y have kleptoplastids? Without living 
the status of their endosymbiosis and a 
al description will remain unresolved. 
ertheless, picobiliphytes are pigmented and 

us contribute to primary production. Molecu- 
lar analysis confirms that they are a eukaryotic 
group that should be recognized at the phylum 
or division level, without any real indication of 
their sister group. We found that they are well 
represented in polar and cold temperate coastal 
marine ecosystems, as judged from their ap- 
pearance in clone libraries and preliminary FISH 
data. The putative presence of a DNA-containing 
body in the purported plastid places them in an 
intriguing position in the study of plastid re- 
duction to organelles. 

Within the past 15 years, four algal classes 
have been described from the picoplankton [see 
(5) for details], and picobiliphytes represent 
another division or phylum. The phylogenetic 
analysis indicates that they are a highly diverse 
group, composed of at least three distinct clades. 
The temporal and spatial scales at which they 
occur, as inferred from molecular data, indicate 
that they could make up a substantial picoplank- 
ton fraction under certain conditions. The ex- 
istence of small, sometimes rare, organisms is 
only now being recognized, and their role in 
ecosystem function is unknown, but they prob- 
ably act as reservoirs of genetic capacity that are 
activated under specific conditions. The discov- 
ery of picobiliphytes and their apparent wide- 
spread distribution and contribution to marine 
protist assemblages highlight the imperative of 
understanding biodiversity before its loss on a 
global scale. 
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recorders; serial computer interface for data col- 
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neuroscieng@ molecular biology, toxicology, and 
race analysis. The use of highly 
ic laser sources in the detector pro- 
ctivity to detect trace levels of com- 


www.sciencemag.org SCIENCE VOL 315 


Mail to notemart@gmail.com for any fu 


pounds of interest even in complex matric 


contrast to conventional fluorescence de ; 
the unique flow design and the u e 
laser sources instead of convention hro- 
mators means the detector rarely recali- 
bration. The simple, robust opti 1gn has no 
moving parts. Offering measur t over a lin- 


ear dynamic range of t to four orders of 
magnitude, the Zetalif perated by any- 
one with a basic underseg of HPLC. 

ESA Analytical Foy tion 44-208-546-0869 


© 


g Accessory 
ccessory is designed to enable 
covery after photobleaching 
d }imilar techniques on the UltraView 
Live CellTMaging systems. The accessory intro- 
duces @track-It,” on-demand photoactivation 
ee that provides users with 
r control over their experiments and 
reased biologically relevant data from the 
amples they study. UltraView allows users to 
acquire high-speed, high-resolution, multi- 
dimensional images of live biological samples, 
including cultured cells, tissues, and embryos. A 
key benefit is that the low levels of photobleach- 
ing present during imaging with UltraView cause 
fewer artifacts in FRAP and similar experiments. 
PerkinElmer For information 781-237-5100 
www.perkinelmer.com 


www.esainc.com 


Live Cell | 
The Photolg 
fluores 
(FRAP) 


Protein from Formalin-Fixed Tissue 

Millions of formalin-fixed, paraffin-embedded 
(FFPE) samples are classified and archived each 
year. The Qproteome FFPE Tissue Kit opens up 
this vast resource to proteomic and protein 
expression analysis by enabling efficient extrac- 
tion of full-length proteins suitable for protein 
immunoblotting and protein arrays. Because for- 
malin fixation creates chemical crosslinks, stabi- 


Coulometric Titrator 
The Aquacounter Karl Fischer Coulometric 
tions is available in two-channel configurgii 
automated or fully automated Karl Fisc 
from 2 ppm to 10% and the cap 

has a large, color LCD screen. An 
coulometric titrator to quickl 
that require special reagents 
precision of a ceramic frit wi 

JM Science For informa 


NE ROL 


www.sciencemag.org/ ts 


or trace moisture applica- 

nd as a component of a semi- 

. It features a detection range 

mation and future upgrades. It 

it converts the unit to a two-channel 

e samples and problematic samples 

ceable membrane combines the superior 
ease-of-maintenance of a fritless system. 

-495-1678 www.jmscience.com 


lizing samples for histological analysis but ren- 
dering any subsequent protein analysis impossi- 
ble, analysis of FFPE tissue has been limited to 
histochemical techniques. The Qproteome FFPE 
Tissue Kit makes use of innovative proprietary 
chemistry to reverse the crosslinking process and 
deliver full-length proteins. For the first time, 
proteins or pathways of interest can be investi- 
gated in archived FFPE tissues. The kit offers a 
unique tool for analysis of samples whose patho- 
logical status has been determined, but whose 
precise protein make-up has until now remained 
inaccessible. Such samples—for example, taken 
over a course of treatment or from different 
groups—offer a rich source of information for 
comparative proteomics and biomarker studies. 
Qiagen For information 800-426-8157 
www.qiagen.com 


For more information visit Product-Info, 
Science's new online product index 
at http://science.labvelocity.com 


From the pages of Product-Info, you can: 
° Quickly find and request free 


information on products and services 
found in the pages of Science. 

¢ Ask vendors to contact you with more 
information. 

¢ Link directly to vendors’ Web sites. 


Newly offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in academic, 
industrial, and government organizations are featured in this 
space. Emphasis is given to purpose, chief characteristics, and 
availability of products and materials. Endorsement by Science 
or AAAS of any products or materials mentioned is not implied. 
Additional information may be obtained from the manufacturer 
or supplier by visiting www.science.labvelocity.com on the Web, 
where you can request that the information be sent to you by 
e-mail, fax, mail, or telephone. 
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Mail to notemart@gmail.com for any further request. 


How do 


Postdocs 
Spell 
Success? 


® 
AS 
Here’s your fak*to career advancement 


AAAS is at indtag it of advancing early-career researchers y + 
— offering jog®edrah, grants and fellowships, skill-building é ” eee ae 


rategic advice through ScienceCareers.org 5 » ASSOCIATI ONS 


or Careers in Science & Technology. 


NPA, the Nati§@al Postdoctoral Association, is providing a 
nat ice and seeking positive change for postdocs— 
pg with AAAS in career fairs, seminars, and other 


. In fact, AAAS was instrumental in helping the NPA S ° 
cience 


arted and develop into a growing organization and 


~ ital link to postdoc success. 
C If you’re a postdoc or grad student, go to the AAAS-NPA link /\ AAAS 


to find out how to spell career success. 


& AAAS. org/NPA 


ee 


ScienceCareers.org 


Classified Advertising 


Get the Experts 
Behind You. 


For full advertising details, go to 
www.sciencecareers.org and click on For 
Advertisers, or call one of our representatives. 


United States & Canada 


E-mail: advertise@sciencecareers.org 
Fax: 202-289-6742 


IAN KING 
US Classified Sales Manager 
Phone: 202-326-6528 


DARRELL BRYANT 
Industry (U.S.) 
Phone: 202-326-6533 


DARYL ANDERSON 
Midwest/Canada 
Phone: 202-326-6543 


ALLISON MILLAR 
Northeast 
Phone: 202-326-6572 


Europe & International 


E-mail: ads@science-int.co.uk 
Fax: +44 (0) 1223-326-532 


TRACY HOLMES 
Phone: +44 (0) 1223-326-525 


CHRISTINA HARRISON 
Phone: +44 (0) 1223-326-510 


SVITLANA BARNES 
Phone: +44 (0) 1223-326-527 


JASON HANNAFORD 
Phone: +81 (0) 52-757-5360 


To subscribe to Science: < 
In U.S./Canada call 202-326-6417 
1-866-434-2227 

In the rest of the world call & 


+44 (0) 1223-326-515 

Science makes every effort to scr@i i (aq Or offensive and/or 
discriminatory language in ac U.S. and non-U.S. law. 
Since we are an international pu may see ads from non-U.S. 
countries that reques' Li S specific demographic 
groups. Since U.S. law to other countries we try to 
accommodate recruiti of other countries. However, we 
encourage 7 ©) to any ads that they feel are 


discriminatory or offi 


‘enceCare 


BYAAAS 


4 


yy 
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Mail to notemart@gmail.com for any further request. 


Sidwell] 


FRIENDS SCHOOL 


SCIENCE DEPARTMENT CHAIR 
Sidwell Friends School 

Sidwell Friends, a coeducational Quaker day school 
in Washington, D.C., seeks seasoned Educator to 
serve as Chair of its Science Department (grades five 
to 12). The Chair is responsible for maintaining and 
enriching the School’s Science Program and, with 
the Middle and Upper School Principals, evaluates 
science faculty and curriculum. Master’s or Ph.D. in 
an appropriate discipline, seven or more years of class- 
room teaching, administrative experience in leading 
a challenging and cutting-edge science program, and 
the ability to communicate clearly and effectively with 
diverse constituencies are required. This ten-month 
position begins August 2007. Send cover letter, re- 
sume, and names of three references to: Human Re- 
sources, Sidwell Friends School, 3825 Wisconsin 
Avenue N.W., Washington, DC 20016; fax: 202- 
537-2418; website: http://www.sidwell.edu; 
e-mail: hr@sidwell.edu. Equal Opportunity Employer. 


BIOLOGY FACULTY 


The Department of Chemistry and Chemical Biol 
at Stevens Institute of Technology seeks candi 
in biological research areas for the tenure-traggae 


ulty position. The appointment at ASSISTAN| 
SOCIATE and PROFESSOR level vy 
upon qualification, experience, and prove lig to 


attract funding. Successful candidates ggexPtcted 
to establish vigorous research progrd ith ex- 
c 


tramural funding as part of a depar cus On 
biomolecular and biopharmaceutig@fsC¥ces. Expe- 
rience with in vivo research will be Cable. We are 
particularly interested in cangligates with a research 
focus on developmental biol gpomics, and pro- 
teomics. A Ph.D. in molec ‘ogy and genetics 
or related fields and at lea: years of postdoc- 
toral experience are re ~Ollaborative research 
with other faculty me strongly encouraged. 
In addition, the su ndidate will be expected 
to teach undergra d graduate-level biology 
courses. 


fo», 


rn facilities including confocal 


microscopy culture, and a small animal facil- 
ity, instru © characterize surfaces and nano- 
materials, of-the-art mass spectrometry and 


nuclear magMmetic resonance spectroscopy. Stevens is 


centrally located in the New York metro region and 
oftgica® access to surrounding research and cul- 
t ii¥es. 


end resume and research plans along with 

l@ters of recommendation to: Biology Faculty 

ch, Department of Chemistry and Chemical 

‘ology, Stevens Institute of Technology, Castle 

‘oint on Hudson, Hoboken, NJ 07030 U.S.A. 

Online application to e-mail: ffones@stevens.edu will 

also be accepted. Review of applications will begin 

on January 31, 2007. Stevens is an Equal Opportunity/ 
Affirmative Action Employer. 


BIOLOGIST/BIOINFORMATICS 


The Department of Biological Sciences at Marquette 
University has a tenure-track ASSISTANT PROFES- 
SOR position available August 16, 2007. Applicants 
must have a Ph.D. with postdoctoral experience. 
The successful candidate is expected to develop an 
extramurally funded research program that will com- 
plement existing areas of research within the De- 
partment (website: http://biology.marquette. 
edu). Preference will be given to applicants who 
can also provide expertise in bioinformatics, ge- 
nomics, or protein structure that enhances ongoing 
programs campuswide. Teaching responsibilities in- 
clude an introductory biology course for undergrad- 
uate majors and a graduate course in the candidate’s 
area of expertise each year. Review of applications 
begins February 9, 2007. All candidates must apply 
for the position online at careers@marquette.edu/hr. 
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POSITIONS OPEN 


MICROBIOLOGIST at University of 
The School of Biological Sciences invites 
for a tenure-track faculty position at 
ANT PROFESSOR level with expagg ar 
of microbiology and emphasis on co 3 Can- 
didates will be expected to dev ’zorous re- 
search program and assume ee Om 
in undergraduate and graduate ses that could 
include the ecology, evolu ry @pology, molecular 
genetics and physiology es. A Ph.D. in the 
life sciences is required a tdoctoral experience 
is preferred. 

To apply log on to 
unl.edu, requisition| 


: http: //employment. 
r 060858 and complete 
information form and at- 
over letter; statement of re- 
ching interests and philosophy; 
gations; names, addresses, and 
f three references. Arrange for 
rence to be sent by February 2, 
‘pAlan Kamil, School of Biological 
Sci ersity of Nebraska-Lincoln, 348 
te er Lincoln, NE 68588-0118. Review 
of, Hpittions will begin February 9, 2007. The 
bon will remain open until a suitable candidate is 
ct€d. University of Nebraska, Lincoln, is committed to a 
istic campus community through Affirmative Action and 
1al Opportunity, and is responsive to the needs of dual-career 
uples. We assure responsible accommodation under the Amer- 
icans with Disabilities Act; for assistance contact Dr. Alan Kamil 
at telephone: 402-472-6676. 


representativi 
telephong 


ASSISTANT OR ASSOCIATE PROFESSOR 

INFECTIOUS DISEASES FACULTY POSITION 

The Epidemiology Research Unit of the Division 
of Infectious Diseases, Department of Medicine, 
University of Pittsburgh, is recruiting research faculty 
with expertise in bacterial genomics or molecular 
pathogenesis of bacterial infections to complement 
existing programs in epidemiology and molecular 
epidemiology of drug-resistant, vaccine-preventable, 
foodborne, or nosocomial bacterial diseases. Experi- 
ence in whole genomic sequencing and analysis de- 
sirable. Laboratory space, salary support, and startup 
funds are available. Candidates should have a doc- 
toral degree (M.D. and/or Ph.D.) and at least three 
years of postdoctoral experience with a demonstrated 
record of recent research accomplishments and sufti- 
cient evidence to establish an independent, funded 
research program. Academic rank will be commen- 
surate with experience. Interested candidates should 
send their curriculum vitae, statement of research 
interests, and the names of three references to: Lee H. 
Harrison, M.D., University of Pittsburgh, 521 
Parran Hall, 130 DeSoto Street, Pittsburgh, PA 
15261; e-mail: lharriso@edc.pitt.edu. 

The University of Pittsburgh is an Affirmative Action/Equal 
Opportunity Employer. 


FACULTY POSITION 
Neurobiology of Pain 


The Department of Neurobiology of the University 
of Pittsburgh School of Medicine, in conjunction with 
the new Pittsburgh Center for Pain Research, invites 
applications for a TENURE-TRACK position at all 
ranks. The position is designed to complement cur- 
rent departmental and Center strengths. While candi- 
dates investigating pain using a variety of disciplines 
are invited, preference will be given to those using 
cellular and molecular approaches to study pain system 
development and function, or interactions of the im- 
mune and nervous systems. The position requires a 
Ph.D. or M.D. with at least two years of postdoc- 
toral experience. Competitive salary support and 
startup funds will be made available. Applicants should 
submit curriculum vitae, a statement of present and 
future research goals, representative recent publica- 
tions, and names and addresses of three references 
to: Chair, Pain Search Committee; c/o Joanne Hirt 
(e-mail: hirt}@upmc.edu), Department of Neuro- 
biology, University of Pittsburgh School of Med- 
icine, W1445 Biomedical Science Tower, Pittsburgh, 
PA 15261. The application deadline is March 1, 
2007. The University of Pittsburgh is an Affirmative Action, 
Equal Opportunity Employer. 
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THE 


—_tué NATIONAL INSTITUTES OF 


a NIEHS 


yt National Institute of 


iY Vv Environmental Health Sciences 
National Institutes of Health 


The National Institute of Environmental Health Sciences of the National 
Institutes of Health is seeking an exceptional candidate to fill the position of 
Director, Division of Intramural Research. The incumbent of this position will 
direct laboratory and clinical research through 16 laboratories and branches 
with approximately 480 employees and 270 trainees. The Division is organized 
into four scientific programs, including the Clinical Research Program, which 
highlight the areas of research excellence of NIEHS. These programs are 
highly interrelated, interactive and synergistic. Using the interdisciplinary 
biomedical research approach, the mission of the DIR is to contribute to the 
basic understanding of biological and chemical processes, understanding of 
the contributions of environmental agents to human disease and dysfunction 
and to the underlying mechanisms of environmentally associated diseases. 
The Director, DIR, also serves as a principal advisor to the Institute Director 
on scientific affairs involving interdisciplinary biomedical research programs; 
develops and recommends policies for the execution of research programs; 
determines effectiveness of current programs and recommends policies for 
new programs; and develops new and revised programs to meet national 
environmental health needs. 


The NIH is dedicated to building a diverse community in its training and Wed programs. 


Ws 


NIAID’s Laboratory of Molecular Microbiology (LMM) is seeking a, viral immunolo- 
gist for a tenure-track (assistant professor) position to develop gin ndent research 
program focusing on the immune responses to primate lenti andidates should 
have an M.D, Ph.D. or D.V.M degree. The ideal candidategy tensive research 
accomplishments in viral immunology in the contexigyt f 

and vaccine development. 


This position provides access to modern researg s and technologies including 
flow cytometry, DNA sequencing, oligonuc]eo@i& alN@peptide synthesis, confocal/light 


microscopy, microarrays, proteomics, and ~~ metry. A competitive federal salary 
and benefits package will be provided, ‘& an operating budget for equipment, 


Tenure/Tenure-Track Investigator in HIV Researc 
Laboratory of Molecular Microbiology 


supplies, and staff. 


Questions about this position can be Q Malcolm Martin at malm@nih.gov. To 
apply, submit a curriculum vitagghibliography and 2-3-page description of a proposed 
research program, preferably gif esN@til to Ms. Felicia Braunstein at braunsteinf@ 
niaid.nih.gov. In addition, dasce‘N@pers of recommendation must be sent to Ms. Felicia 
Braunstein, NIAID, Shy ai Rm. 4A31, MSC-1356; Bethesda, MD 20892- 
1356. Applications m ived by February 28, 2007. Please note search #007 
i nts will be notified by e-mail or phone phone when their 


Director, Division of Intramural Research ('>,8) 
Research Triangle Park, North Carolina 


Candidates must have either an M.D. or Ph@ oe ivalent degree in a 
discipline relevant to environmental n@e. Salary is commensurate 
with level of experience. Please for tions regarding the position to: 


Dr. Ebony Bookman 

National Institute of Envronnegeat Sciences 
P.0. Box 12233, Maildrop B 

Research Triangle Park, 

919-541-3201 

email: bookmane@ 


ic 


s 
& 
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Os, ase 
ones17@niehs.nih.gov he 


U.S. Department of Health and Human Services 
National Institutes of Health 


DHHS and NIH are Equal Opportunity Employers 


Tenure/Tenure-Track Position 
Wy Laboratory of Persistent Viral Diseases 
Rocky Mountain Laboratories, Hamilton, Montana 
The Laboratory of Persistent Viral Diseases (LPVD), Rocky Mountain Laboratories, NIAID, 
NIH, DHHS, in Hamilton, Montana, seeks applicants for a tenured or tenure-track position 
(full to assistant professor equivalent) to conduct independent research on host immune or 
inflammatory responses in neuropathogenic viral diseases. Candidates with a background in 
adaptive or innate immunity, including neuroinflammation and gliosis are preferred; those 
interested in neurobiology, biochemistry or pathogenesis of CNS infections are also encouraged 
to apply. Candidates must hold a Ph.D., D.V.M, or M.D. degree and have a minimum of 3 
years of relevant postdoctoral experience. Candidates must be able to develop an independent 


research program, supervise staff and fellows, and collaborate with other LPVD researchers 
working on CNS viral or prion diseases. 


Rocky Mountain Laboratories’ state-of-the-art facilities include an operational BSL-3 facility, 
a BSL-4 lab and animal facility nearing completion, and in-house core facilities for genomics, 
electron microscopy, and flow cytometry. Research programs focus on prions, murine retrovi- 
ruses, HIV, flaviviruses, and numerous pathogenic prokaryotic organisms. The lab is located in 
the scenic Bitterroot Valley of western Montana with easy access to some of the finest outdoor 
recreational opportunities in North America. Additional information on the position may be 
obtained by contacting Dr. Bruce Chesebro at bchesebro@niaid.nih.gov. 


Application Process: Salary depends on degree and qualifications. To apply, submit a cur- 
riculum vitae and bibliography, including a list of your five most significant papers, and a 
2-3-page description of a proposed research program, via e-mail to Ms. Felicia Braunstein 
at braunsteinf@niaid.nih.gov. In addition, three letters of recommendation must be sent 
directly from the referees to Ms. Felicia Braunstein, Committee Manager, NIAID/NIH; 
10 Center Drive, Bldg. 10, Rm.4A31, MSC-1356; Bethesda, MD 20892-1356. Applica- 
tions must reference AD #010 and must be received by March 9, 2007. Applicants will be 
notified when their applications are received and then completed. All information provided 
by applicants will remain confidential. 


IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


WWW.NIH.GOV 


io Tenure-Track and Tenured Investigator Positions 
in Systems Immunology and Infectious Disease Modeling 


The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Research (DIR) is seeking sever: 
Program in Systems Immunology and Infectious Disease Modeling (PSHM). 


Modern technology allows the analysis of immune responses and host-pathogen interactions at multiple levels—fro 

cell behavior, to the functioning of a tissue, organ, or even whole organism. The challenge is not only to collect 1a! 

manner that enhances our understanding of how the immune system operates or how pathogens affect their hosts. do“flis, we need to develop detailed quantita- 
tive models that can be used to predict the behavior of a complex biological system. These models can help t by the mechanisms underlying physiological 
and pathological responses to infection or vaccination, which can then be exploited to design better therapies GF, ines. 

Achieving this goal requires an interdisciplinary effort and to this end the PSIIM will be organized as an 1 t team of scientists and support staff with expertise 
in computational biology, bioinformatics, proteomics, cell biology, immunology, and infectious diseas than as.a group of independent laboratories. These 
teams will have access to the latest technology for gene-expression profiling, high-content screenin i libraries for the discovery of pathway components, 
imaging tools, cores for the genetic manipulation. of animals and for proteomic analysis, and a substai imputer infrastructure. BSL-3 facilities for working with 
high priority pathogens will also be available. 


Although the PSIIM has been established within NIAID and has an immune system/infectio @ pse focus, we expect it to foster the growth of systems biology 
efforts at other NIH Institutes, primarily through the development of new software tools fo: N systems modeling and methods for high-throughput screening. 
Thus, PSIIM team members are expected to interact extensively with other NIH scientist@jjgd Wrth extramural groups in the U.S. and abroad who share our interest 
in a systems approach to biology. 


The PSIIM is now recruiting for tenure-track or tenure level team leader ap ts in three key areas: 


Computational Biology: The incumbent will lead a group focused on the d ent and improvement of software tools for multiscale modeling and simula- 
tion that can be used by the PSIIM as well as by biologists interested in syb) er than immunity or infectious diseases. The ideal candidate will have a strong 
background in mathematics, physics, and computer programming, and a Cc re and ability to interact with and support the efforts of biologists. A demonstrated 


ability to generate computer software tools for biological modeling & ‘ong plus. 


Molecular/Cell Biology: The incumbent will lead a group involly, design, implementation, and interpretation of screening efforts to identify and deter- 
mine the interactions among the components in signaling networ, ould then be modeled using the software generated by the computational biology team or 
obtained from other sources. Discovery tools such as gene arra igh-content image-based screens using RNAi methods, various protein-protein hybrid screening 
methodologies, and optical imaging are expected to be key ele in the efforts of this group. A strong background in basic cell biology and molecular biology 
with experience in analysis of protein-protein interactions, signaling, and/or gene regulation is required. Expertise in large-scale screening is highly desirable. 


oping novel approaches to systems-wide analysis of the interaction of infectious agents and their 

s, the production of gene-modified animals, the development of methods for in vivo testing of the 

predictions of models, and the use of sophisticgtedg@gjaS@y and other tools for probing the interaction of pathogens and host cells in vitro. A strong background in 
viral and/or bacterial infectious diseases and.c’ CWP lecular biology are necessary; training in the immunology of infectious diseases and substantial bioinfor- 


matics experience are highly desirable. 2 & 


These positions and the research activities duct are fully funded by the intramural research program of NIH. Each team leader is expected to build a working 
ientists, technicians, and students. The team leaders will work with the program director to help set the goals for the 


has modified its tenure decision pol, encourage and account for contributions made in such a team science setting. Applicants should be seeking a difficult 
challenge in which creativity, tec Xpertise, and a strong desire to achieve in a team environment are critical for success. 


group consisting of postdoctoral fello 
PSIIM and to determine how best to x se goals as an integrated group. To ensure appropriate career trajectories for those joining the PSIIM team, the NIH 


Interested candidates may cogtact Dr. Konald Germain, Program Director, PSIIM, DIR, NIAID at 301-496-1904 or rgermain@niaid.nih.gov for additional 
information about these po, 


To apply, submit your m vita, bibliography, and detailed statement of how you can contribute to the success of the PSIIM program to Felicia Braunstein 
at braunsteinf@niaj v. In addition, three letters of reference must be sent directly from the referee to Dr. Robert Hohman, Chair, NIAID Search Com- 
mittee, c/o Ms. aunstein, DIR Committee Management Team Lead, 10 Center Drive, MSC 1356, Building 10, Room 4A31, Bethesda, Maryland 
20892-1356. applications MUST be received by February 16, 2007 for computational biology, and March 16, 2007 for Molecular/Cell Biology as 
well as for inf iseases. Please refer to ad #012 for computational biology, #013 for molecular/cell biology, and #014 for infectious diseases on all cor- 
respondence. T information on these positions and guidance on submitting your application are available at http://healthresearch.niaid.nih.gov. For more 
—_ the NIAID systems biology program, please visit http://www.nih.gov/catalyst/2006/06.09.01/page1.html 


Mail to notemart@gmail.com for any further request. 


Dean - College of Engineering, Northeastern University 


Northeastern University invites applications and nominations for the position of Dean, College of Engineering. 

The Dean reports to the Provost and has direct responsibility for all academic, administrative and fiscal 

operations in the College, including its cooperative education programs. The Dean will provide leadership for the 

College’s strategic and academic planning, will drive institutional advancement and alumni relations for the College, and further a 
relationships with government agencies, industry and the community. With current external research related funding in excess 0 
home to two NSF-funded centers; the Center for Subsurface Sensing and Imaging Systems - an ERC, and the Center for High-Rate 
an NSEC, and a number of internationally acclaimed research clusters. The Dean is expected to play an active role in attracting n 
centers of excellence to the College. Such initiatives should include cross-disciplinary programs within the college as well a 
colleges and units throughout the University. 


The successful candidate should have an outstanding record of scholarly and professional accomplishments that would mg 
Professor in one of the academic departments in the College of Engineering. Strong candidates from National Labs or 
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re with the rank of Full 
will also be considered. 


Northeastern University, founded in 1898, is a large, private and national research university offering a compreh 
graduate programs leading to degrees through the doctorate in six undergraduate colleges, eight graduate sch 
ranked Northeastern number one in the country among programs that combine classroom learning with real-w 
Boston, near the financial district and in the biomedical research corridor, the University enjoys close ties to 
that flourish in the region. 


g@f undergraduate and 

03, U.S. News & World Report 

rience. Located in the heart of 
us high technology industries 


Applications and nominations should be forwarded, in confidence, to: 


Alberto M. Pimentel - Vice President 

Edward W. Kelley & Partners 

1111 Corporate Center Drive, Suite 106, Monterey Park, CA 91754 
alberto.pimentel@ewkp.com; Tel: 323-260-5041 


Applicants should submit a complete resume, and the names and addresses of three references: trOnic submission is encouraged. 
Nominators are encouraged to submit names by January 31, 2007. The search will continue u ition is fi 


Potential applicants are invited to discuss the opening with the Committee Chair c/o Debg 
617-373-4517 (voice); 617-373-8589 (fax); d.berwaldt@neu.edu 


Northeastern University is an Equal Opportunity, Affirmative Action Educational Institution and 
from minorities, women and persons with disabilities. 


Northeastern & 
O Mik @ 2 2 Sf Ts 


, Title IX University and particularly welcomes applications 


http://www.neu.edu 


ASSISTANT PROFESSORS 
DEPARTMENT OF PHYSIOLOGY 
Texas Tech University 


Founded in 1977, Lipoid is a globally leading manufacturer s and phospholipids 


for the pharmaceutical, cosmetic, and dietetic industrie id is headquartered in 
Germany and privately held. Our high-grade products scientifically developed in 
Lipoid’s laboratories, manufactured on an industrial S marketed globally. 


Lipoid is seeking a '@) 
> Director of Sales 


in order to deepen our market penetration § merica. 


Responsibilities: 

® Sell Lipoid’s products in North Q @ processing industries 

® Provide technical consulting alg ion of our products 

¢ Make presentations at Hens, Wah shows 

* Compose scientific docume' boternal and external use 

© Review and analyze the, scientific literature 

After initial training in oe n headquarters, the person hired will be located in our 

US office in New Jerse 

Skills: 

e A scientific ea aster’s, or Ph.D.) and/or business degree is required 
e 


° Successful eli in the market for pharmaceutical ingredients is advantageous 


* Lipoid Bye} grity, entrepreneurial spirit, flexibility, readiness to undertake 


significar¥t ng, and commitment to nurture long-lasting customer relationships 


Lipoid Gp the employee with a flexible and creative environment, a competitive 
f 


salar ng retirement benefits and medical insurance), and opportunities for career 
ad feos Ent. 


t interested, please submit your resume by mail or email to: 


Lipoid LLC ¢ 744 Broad St. Suite 1801 ¢ Newark « NJ 07102 
att. Matthias Rebmann ¢ mrebmann@lipoidllc.com 
www.lipoid.com * Equal opportunity employer. 


Health Sciences Center 


The Department of Physiology at TTUHSC 
invites applications from scientists for several 
tenure-track positions at the rank of Assistant 
Professor in the Medical School. Exceptional 
candidates may be considered for more senior 
positions. The successful candidates will be 
expected to develop and/or maintain an indepen- 
dent program of research with external funding 
in the general areas of Cell Physiology and/or 
Molecular Biophysics. Individuals interested 
in structure, function or pathophysiology of 
membrane proteins will be given special con- 
sideration. Participation in medical and graduate 
training is expected. 


Dr. Luis Reuss has been recruited as Chair of 
Physiology and, in conjunction with other faculty 
in the Medical School and the University, will 
develop an Institute for the Study of Membrane 
Proteins. 


Review of applications will start in January 
2007. Applicants should send electronically a 
current CV, an outline of research plans, and the 
names and addresses of three or more potential 
referees to: 


Ariel Escobar, Ph.D. 
[Physiology.Search@ttuhsc.edu] 
Chair, Physiology Search Committee 
Department of Physiology 
Texas Tech University 
Health Sciences Center 
Lubbock, TX 79430-6551 


Texas Tech University Health Sciences Center 
is an EEO/AA/ADA Employer. 


Mail to notemart@gmail.com for any further request. 


The Masdar Institute of Science and Technology, Abu Dhabi, United Arab Emirates 
Provost, Vice President for Business Operations, and Vice President for Research 


The Masdar Institute of Science and Technology, a new and independent non-profit, tax-exempt research and educational institution, is bet 

with the assistance and advice of the Technology and Development Program at Massachusetts Institute of Technology (MIT). Initially offer; 

level courses in Abu Dhabi for a highly select student population, The Masdar Institute is dedicated to premier engineering research and th| 

a definitive, research-driven education. The goal of the Institute is to develop, over a period of years, indigenous research and developme: 

Abu Dhabi, addressing issues of importance to the region in areas as critical as: renewable energy, sustainability, environment, wa’ u@es, systems 
engineering and management, transport and logistics, and advanced materials. The mission and government supported mandate o dar Institute 
is to provide qualified men and women in the region with the opportunity to obtain graduate degrees in these critically importa bally relevant 
technical fields. 


Provost is the Chief Academic Officer of the Institute and serves as the executive officer. The Provost is involved in all r icy decisions of the 
Institute and works with the President to provide leadership to the institution to create a 21st century graduate institution wi ¢ focus on student suc- 


Qualifications: The successful candidate must possess impeccable character and personal integrity and have an earge: te coupled with a record 
of substantial scholarly achievement meriting appointment as a tenured full Professor in one of the academic de, nificant academic admin- 
istrative experience and seasoned leadership skills; proven credentials in management, including budget develo academic, administrative, and 
strategic planning, as well as evidence of successful experience in the areas of curriculum development ani ssessment and with integrating 
information technology for academic programs and distance learning; demonstrated skills and commitme’ Itivating excellence in scholarship, 
teaching, and public services; and demonstrated commitment to cultural diversity and shared governance. suctessful candidate must be a collabora- 
tor and team player who is skillful in promoting a collegial work environment and can foster an “® at attracts, retains, and engages faculty 


cess through academic excellence, strong institutional partnerships, scholarship, meaningful service to the region, and resource utilization. 
s; Wer 


and staff of the highest quality. 


Vice President for Research to lead a vibrant and complex interdisciplinary research and acai ynstitution of higher learning. This individual 
is expected to work closely with the various levels of administration (deans, chairs, principal i tors and center/institute directors), faculty and 
student governance, staff councils, regional centers, and national labs. Will have direct respong or creation and review of large interdisciplinary 
research centers and institutes; faculty research startups and retention packages and seeding of i S and internal research programs; institutional-wide 
research affiliations/memberships; private/public partnerships that impact research; addregey search agenda and mission of the Institute; research 
compliance, policies, ethics and conflict of interest; management of research space, animal d human subjects; material transfer and confidentiality 
agreements; liaison to sponsor negotiations and export controls; intellectual property po: : Sponsored program data and office of contracts and grants, 
institutional research marketing publications, and institutional workshops on proposal and funding opportunities. 


Qualifications: Seasoned academic administrator with at least 10 years of leader. eMperience in research operations. The ideal candidate will have 
a demonstrated ability to provide strategic leadership to collaborative research effo: well as a track record of creating a working environment that 
rewards new ideas and innovation, builds collaborations, encourages and n s teamwork, and promotes diversity. The applicant should be familiar 
with the land grant research university environment as well as current trengT hnology transfer, patenting and licensing, research administration 
best practices, and compliance regulations. Applicant should be perceived af vigfonary leader with demonstrated success in obtaining extramural funds 
and fundraising; evidence of a thorough understanding of federal agency nal and international research organizations, institutional partnerships 
and collaborations, public and private organizations, evidence of succ anaging others; demonstrated research excellence within an academic or 
related setting; an appreciation for a broad range of research and s , experience with research infrastructure, contract and grant administration, 
national and state policies; information systems; consensus build asures of accountability; community outreach; corporate opportunities and 
interests; strategic planning; evidence of successful decision-m complex environments and situations; budgeting; and developing prospecting 
plans. An earned doctorate is prerequisite. 


Vice President for Business Operations who repo President and Provost of the Institute and who will direct and oversee system-wide 
management of the Institute’s business operations at all cff{thepinstitute’s facilities. Institute business operations include human resources, information 
technology, procurement, facilities, research administratio mpliance and audit, laboratory administration, security and public safety. This individual 
will lead and manage Institute policies, systems and procedures, plan and supervise the departmental budget, and serve as a liaison, both internally and 
externally, for the various business operations of t siQite. 


Qualifications: The successful candidate shoul, ng leadership skills, the ability to work successfully with a broad range of constituencies, and 
a demonstrated track record of identifying an ting administrative process changes and improvements. A Master’s degree and a minimum of 
5-10 years’ general management experie@ rge, complex business, academic, government or not-for-profit organization is required. Leadership 
experience in private, not-for-profit hi LS 10n institutions is highly preferred. Candidates should be able to demonstrate an in-depth knowledge 
of the full range of issues addressed by ai istration and finance executive in the graduate education setting. Proficiency and knowledge of business 
practices and organizational leadershi nging environments is essential and candidates must have superior oral and written communication skills, 
excellent motivational technique, istfeated computer applications, and experience in management, financial analysis, and legal aspects of higher 
education partnerships and affiliay 


Application Submittal Infor, : The Technology and Development Program at Massachusetts Institute of Technology is assisting in the search. 
Initial screening of applicati egin immediately. Applications must be received electronically by the Search Committee Co-Chairs by March 1, 
2007. Submissions should i the applicant’s name, present position, postal and e-mail addresses, and telephone numbers. Application materials 
should include a descripfign of the candidate’s experiences match the position requirements; a detailed curriculum vitae and summary document; 
and specific contact in, gon for a minimum of three professional references familiar with the candidate’s qualifications and experience. 


Materials must be wt€d electronically on or before 01 March 2007 as a MS Word attachment to: 
Professor Fred Moavenzadeh, Co-Chair 


Search Committee for The Masdar Institute of Science and Technology 
Technology and Development Program 
~ Massachusetts Institute of Technology 
'@) Email: TDPmail@mit.edu 


Mr. Sultan Al Jaber, Co-Chair 
Search Committee for The Masdar Institute of Science and Technology 
Office of Institutional Development 
Abu-Dhabi, United Arab Emirates 
Email: saljaber@mubadala.ae 
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Mail to notemart@gmail.com for any further request. 


POSTDOCTORAL TRAINING in CANCER RESEARCH 
The Louisiana Cancer Research Consortium is supporting major expansions of the Cancer Res: 
Programs at Tulane University Health Sciences and Louisiana State University Health aces 
Centers in New Orleans. Outstanding postdoctoral positions are available with na. Peak © BSIC 


oulsiana 


esearcn 
Science, particularly with a focus on cancer genetics, immunology or cell signaling. Pleas@{ sqpd let- 


nso ters of interest, along with CVs, by e-mail to postdoc@LCRC.info, or contact mentgrs ingW@idually. 
Some information on the Consortium is available at www.LCRC.info. NRSA-eligiblp ates are 
preferred. 
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Brian Barnett, M.D. — tumor immunotherapy 
Matthew Burow, Ph.D. — estrogen receptor signaling 
and breast cancer 

Andrew Catling, Ph.D. — MAP kinase and scaffold 
control of cell motility 

Yan Cui, Ph.D. — tumor immunology and immuno- 
gene therapy 

Srikanta Dash, Ph.D. — hepatocellular carcinoma 
Prescott Deininger, Ph.D. — mobile elements and 
genetic instability 

Melanie Ehrlich, Ph.D. — DNA methylation 

Astrid Engel, Ph.D. — mutational activity of human 
mobile elements 

Erik Flemington, Ph.D. — Epstein-Barr Virus and 
tumor biology 

Ed Grabczyk, Ph.D. — intrinsic genetic instability 
Carl Gregory, Ph.D. — adult stem cell signaling 
Arthur Haas, Ph.D. — ubiquitin- and |SG1-dependent Sabbioni, Ph.D. - cancer biomarkers 
regulation candurro, Ph.D. — adult stem cells and angio- 
Michael Hagensee, M.D., Ph.D. — immunology of SiS 

human papillomavirus infection g shun Wang, D.V.M., Ph.D. — cancer viral target- 


interaction and AR signaligg 

lris Lindberg, Ph.D. — 

enzymes 

Laura Levy, Ph.D. irology 

Arthur Lustig, P, ulation of telomere 
Asim Abdel-Ma 


. — environmental carcinogenesis 
.D. — tumor-induced tolerance 
mpally, Ph.D. — cancer stem cells 
h.D. — vitamin binding proteins 


sed therapies 


Charles Hemenway, M.D., Ph.D. — leukemia bio, g and immunotherapy 
Steven Hill, Ph.D. — melatonin/G-protein coupled William Wimley, Ph.D. - protein conformation 
receptors and breast cancer 
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pare | 
Department of Pharmacy and T@ery \\ | 
School of Pharm \ /y/ 
ay” 
The University of Pittsburgh School of Pharmacy invites appliWQggMs for vice chair for clinical sciences 20r or mer” 


research, Department of Pharmacy and Therapeutics. This tenured or tenure stream position will be at the Tenure Track Faculty Positions 


rank of associate professor or professor. The Vice Chair fgg Cligjcal Sciences Research will provide leader- 
ship for the implementation of clinical and translatior * research and health services within the 
overall structure of the department and affiliated healt! and guide the development and academic 
success of faculty within the department. 


The University of Pittsburgh School of Pha 
Oakland campus. The School of Pharmacyé 


me of six health science schools located on the 
d with the internationally renowned University of 
Pittsburgh Medical Center (UPMC), the re gest and acclaimed network of tertiary, specialty, and 
community hospitals. Collectively, these 10nal, research, and clinical facilities provide one of the 
nation’s most complete health centerggfo ti¥Sciences research, patient care, and teaching. The Depart- 
ment of Pharmacy and Therapeutics s 46 full-time faculty and provides pharmacy services for 
the UPMC health system. 


The successful applicant will ac icipate in the executive team of the Department of Pharmacy 
and Therapeutics; advance the i jon of research with clinical patient care responsibilities; maintain 
a funded research program; and ré@@ i and lead faculty members to improve health through excellence, 
innovation, and leadership g@ducation, research, patient care, and service. The successful applicant also 
will contribute to the “ings scientist training program within the school; play an integral 
role in the multi- and ings. iplinary Clinical and Translational Sciences Institute within the University 
of Pittsburgh schools. ealth sciences; and teach in the curricular programs of the school, including 
the PharmD and regg rograms. 


The ideal appa: ave an earned professional pharmacy degree and relevant postgraduate train- 
ing; have at le: ears of experience in an academic health center environment; and must document 
responsibilit@§ ang®iccomplishments in teaching, scholarship, patient care service, and leadership. 


An applicant d send a complete curriculum vitae and a letter that includes a description of his or her 
interest @the position, a description of his or her research, and a list of the names and contact informa- 
tion for individuals who will serve as references to: University of Pittsburgh School of Pharmacy; 
Su eyer, PhD; Chair, Vice Chair Pharmacy and Therapeutics Search Committee; 724 Salk 
‘ burgh, PA 15261; or smeyer@pitt.edu. 


The University of Pittsburgh is an Affirmative Action, Equal Opportunity Institution. 


Brain Injury and 
Neuroprotection Research 
Department of Anesthesiology 


At least two tenure-track positions at any 
rank are available to highly qualified indi- 
viduals with outstanding records of research 
in the area of ischemic or traumatic brain 
injury. Research can involve in vivo or 
in vitro models of brain cell injury and 
death. The successful applicants will work 
together with a team of investigators spe- 
cializing in mitochondrial dysfunction and 
oxidative stress. Unique opportunities exist 
for performing translational research in col- 
laboration with the R Adams Cowley Shock 
Trauma Center. Highly competitive salary 
and start-up packages are available. 


Applications should include a CV, a 3-page 
summary of research accomplishments and 
future plans, and the email addresses of 
three references to Dr. Gary Fiskum at 
gfisk001@umaryland.edu. 


The University of Maryland is an Affirma- 
tive Action/Equal Opportunity Employer. 


Mail to notemart@gmail.com for any further request. 


VANDERBILT YW School of Medicine 


DRUG DISCOVERY AT VANDERBILT 
Integrative Training in Therapeutic Discovery 


A new roadmap training initiative for postdoctorals/ 
fellows and graduate students. Graduate students and 
postdoctorals/resident fellows will do research on projects to 
identify novel therapeutic strategies and agents. Each trainee will be 
co-mentored by investigators in chemical biology and translational 
medicine. Research training will be supplemented by coursework in 
chemical biology and drug discovery. Outstanding open access core 
resources exist in high-throughput screening, chemical synthesis, 
monoclonal antibody generation, natural product discovery, and 
small molecule NMR. Stipends, tuition, and fringe benefits are 
provided by a training grant from the National Institutes of Health 
(DA 022873). 


Current collaborative projects exist in cancer, neurodegenerative and psychiatric 
disease, diabetes, cardiovascular disease, and infectious disease. For a complete 
list of projects and mentors, visit www.vanderbilt.edu/vicb/training 


Applicants should contact Anne Lara, Vanderbilt Institute of Chemical Biology, 
(vicb@vanderbilt.edu) for additional information or to apply for the program. 
Please provide curriculum vitae and three letters of recommendation. Vanderbilt 
is an Affirmative Action/Equal Opportunity Employer. 


VANDERBILT 47 School of Medicine 


Postdoctoral Research at the Center in M 


Richard N. Armstrong Investigators seek new 
Sopa eee various aspects of tgxj 
ancy J. brown * . 
eran E Burk health in the Center in 


Richard M. Caprioli + the Departments of Stry, Biological Sciences, 
Walter J. Chazin Chemistry, Meggpin thlogy, Pediatrics, and Phar- 
David K. Cortez | A A lati lecul 

Martin Egii Acology. Areas gation relating to molecular 


Brandt Eichman _ toxicology an ental health include enzymatic 
F. Peter Guengerich oxidation gation, oxidative damage, DNA 


Baie damage agenesis, neurotoxicology, mecha- 
Diane S. Keeney nisms of c naling, and clinical investigations. 


Daniel C. Liebler — Inter 

Lawrence J. Marnett rjaggil tF@@2 Center Investigators listed left. 

Jason D. Morrow 

Jennifer A. Pietenpol description of the Center and the research within the 

Ned A. Porter 

Carmelo J. Rizz, S = 

Michael P. Sto Pr Ee 
Peter Guengerich, Director, 
Center in Molecular Toxicology, 


Vanderbilt University, School 
of Medicine, Nashville, TN 
37232-0146. 

An Affirmative Action/Equal 


Opportunity Employer. 


William M. licants should submit cur- 
Michael R. W; Ticulum vitae and three letters 
C of recommendation to Dr. F. 


Skirball Institute of 
Biomolecular Medicine 


SCHOOL OF 
MEDICINE 


The Skirball Institute 
Biology and Medici 
School of Medicineg 


Molecular 
Structural gy and Molecular Pathogenesis. 
s are interdisciplinary and reflect 
p>; YU’s School of Medicine and College 
of Sciences. Special priority will be given to 
a ts with broad interests working at the cutting 

of mammalian genetics, stem cell research, 


netrobiology or molecular cell biology. 


NYU School of Medicine offers excellent resources 
to support new faculty, including generous start-up 
packages and core facilities for cell sorting, imaging, 
proteomics, mouse molecular genetics, genomics 
and structural biology. 


Successful candidates are expected to initiate and 
maintain vigorous independent research programs 
that will enrich and be enriched by the highly 
collaborative environment at the Skirball Institute 
and throughout the NYU research community. 


This is an electronic application process. No mail 
applications will be accepted. Create your application 
packet by formatting it as a single PDF document. 
Use the following page order: (1) Cover Letter, (2) 
Curriculum Vitae, (3) Research Statement. 

Email application packet to 
skirballsearch@saturn.med.nyu.edu. 


Three letters of reference should be sent independently 
to: skirballsearch@saturn.med.nyu.edu 


New York University School of Medicine was 
founded in 1841 and is an equal opportunity 
affirmative action employer. Women and minority 
candidates are encouraged to apply. 


http://saturn.med.nyu.edu 
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Mail to notemart@gmail.com for any further request. 


~ Rat der Conseil des Consiglio Cusseg] da las Board of the 
c \ Eidgenéssischen écoles dei scolas Swiss Federal 
Technischen polytechniques politecnici politecnicas Institutes of 
uw a Hochschulen fédérales federali federalas Technology 
~ ETH-Rat CEPF CPF CSPF ETH Board 


The ETH Board is pleased to announce a challenging opportunity for the right cosmopolitan 
and creative personality: 


President 
The Swiss Federal Institute of Technology 
in Zurich (ETH Zurich) 


The ETH Zurich is a leading science and technology university with world-renowned researchers 
and teachers. The university earned its distinguished national and international reputation 
through both major achievements in research as well as first-rate teaching and services. 18'000 
people from Switzerland and abroad are currently studying, working or conducting research 
at ETH Zurich. Superior research conditions, state-of-the-art infrastructure and an attractive 
urban environment create the ideal conditions for creative personalities here to flourish. 


Requirements 

Candidates must demonstrate an open-minded, decisive, creative, and broadly interested per- 
sonality, along with an excellent track record over the course of his or her career. The success- 
ful candidate has proven scientific, technological and social leadership skills, as well as excel- 
lent management and interpersonal credentials from international academia and/or private 
business and industry. Comprehension of the specifics of university management is a prere- 
quisite. The president of ETH Zurich must be prepared to take autonomous decisions, while 
accepting the necessity for active participation in practical issues involving all aspects of the 


institution; this will entail the direction of a functional but non-hierarchical management ¢ v 


ture. He or she must furthermore have excellent communication skills in relation to bot! 
public and the academic community, with perfect knowledge of German and English, ar@@fod 
comprehension of French. Knowledge of European and Swiss political and legislative paact 

is an advantage. @ 


Starting date of presidency: September 1, 2007 


Please send your written application by January 31, 2007, to the attention of QR vc 
Zehnder, President of the ETH Board, ETH Zentrum, CH — 8092 Zurich. *, 


The Medical Colleg 
Georgia Vascula 
ogy Center is reS 


a pulmonar 

biologist a ssis- 
tant, CF e or 
Full Pro level, 
tenure-track. The succ 1 @paidate will 


have an earned Ph.D& r M.D./Ph.D. 


degree. He/she will jai ctive group of 
extramurally neal biologists (cur- 


rently about $8 


nually, see: http: 
s/VBC/index.html) 
laboratories utilizing 
state-of-the ipment. He/she will have 
the oppo 0 participate in the two 
instityge and post-doctoral train- 
ing s im Integrative Cardiovascular 
Bio le opportunities for collabora- 
nd clinical research are available 
uraged. The candidate is expected to 
e and further develop an active, extramu- 
funded research program in aspects of 
filmonary vascular disease, especially acute 
ung injury. Highly competitive salary and 
start-up package, commensurate with prior 
experience, will be provided. 


Applications should include detailed CV, 
statement of career goals and names of three 
references and e-mailed to John D. Catravas, 
Ph.D. (jcatrava@mcg.edu). 


The Medical College of Georgia is an 
AA/EOE. Applications from women and 
under-represented minorities are 
particularly encouraged. 


in 
PROTEIN STRUCTURE 


AND FUNCTION (e) 


The Department of Biochemistry, in collaboration with Cp 
ment of Physiology, seeks outstanding candidates for a tenu! c 

ulty position at the rank of Assistant/Associate Professor to complement 
existing strengths in structural biology and biophysics articularly 
interested in candidates using biophysical metho R, X-ray 
crystallography, cryo-EM, etc.) to probe the s d action of 
membrane proteins. The successful applicani@@e@cted to develop a 
vigorous, extramurally funded research pr‘ d contribute to the 
graduate teaching mission of the HSC. emistry Department 
is undergoing expansion through recruit additional junior posi- 
tions and an ongoing search for a sec ert A. Welch Foundation 
Distinguished Professor of Chemi are 22 primary and 8 cross- 
appointed faculty members in the D nt, which also houses state-of- 
the-art instrumentation in Univers’ ore Facilities for NMR, Analytical 
Ultracentrifugation, Mass Spec Surface Plasmon Resonance, and 
X-ray Crystallography. Detail the Department faculty and its Core 
facilities can be found at http:// iochem.uthscsa.edu. The campus 
of the HSC is located ~2@@@utes from the center of multi-cultural San 
Antonio, and at the gate’ tothe Hill Country and its wealth of outdoor 


and cultural activitie, 

Applicants shoul ®... letter, current curriculum vitae and a 2-3 

page descrip Or: research plans to pjhart@biochem.uthscsa. 

edu. Three ~ port from individuals familiar with the applicant’s 

potential s sent or emailed to: P. John Hart, Ph.D., Ewing 

Hall Prof Council Distinguished Chair, Department of Bio- 
7760, University of Texas Health Science Center, 7703 


rl Drive, San Antonio, TX 78229-3900, FAX: 210-567-6595. 
ppointments are designated as security sensitive positions. 


> 


iversity of Texas Health Science Center at San Antonio is an 
qual Employment Opportunity/Affirmative Action Employer. 


PSORIASIS IMMUNOGENETICS 


Assistant Professor 


Assistant Professor (tenure-track) in psoriasis 
k fac- immunogenetics clinical research. The position 
requires doing psoriasis research involving 
cellular immunology, human genetic linkage and 
association analysis, and microarray analysis of 
gene expression and genetic variation. This 
research requires performance of biopsies of 
human skin by punch and keratome techniques 
and providing research related clinical care. 
Qualifications: M.D. and post-doctoral training in 
immunology and human genetic linkage and 
association analysis; Ph.D. degree involving 
genomics, immunology and human genetic 
linkage and association, desirable; and related 
research publication record in genetics and 
immunology focused on psoriasis. 


Send CV and references to: 
John J. Voorhees, MD FRCP 
University of Michigan 
Dept of Dermatology 
1910 Taubman Ctr 
Ann Arbor, MI 48109-0314 


® 


University of Michigan 
Medical School 


An Equal Opportunity / Affirmative Action Employer. 


Mail to notemart@gmai 


mt 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


Tenure Track Assistant Professor Position 
in Sustainable Energy 
at Ecole Polytechnique Fédérale de Lausanne (EPFL) 


EPFL is planning a substantial expansion of its School of Architecture, Civil and 
Environmental Engineering. 


In order to develop research and educational programs in the field of the renewable 
energies and their integration within various infrastructures (energy production and 
transportation facilities, energy distribution networks, municipal infrastructures as 
well as industrial, commercial and residential buildings), we are looking for a 
Tenure Track Assistant Professor in sustainable energy. 


A strong expertise in the renewable energy science and technologies is desired. 
Research areas of interest include wind energy, biofuels, hydroelectric, solar thermal, 
geothermal and fuel-cells as well as various energy storage technologies. The success- 
ful candidate is expected to initiate independent, creative research programs and 
participate in undergraduate and graduate teaching. 


Significant start-up resources and research infrastructure will be available. Inter- 
nationally competitive salaries and benefits are offered. 


To apply, please follow the application procedure at http://enac.epfl.ch/facultypositions. 
The following documents are requested in PDF format: motivation letter, curriculum 
vitae, publications list, concise statement of research and teaching interests, as well 
as the names and addresses (including e-mail) of at least five referees. Screening 
will start on April 15th, 2007. Further questions can be addressed to : 


Professor Laurent Vulliet, Dean 

School of Architecture, Civil and Environmental Engineering, EPFL 
CH-1015 Lausanne 

Switzerland 


For additional information on EPFL, please consult: 
http://www.epfl.ch or http://enac.epfl.ch 


EPFL is an equal opportunity employer 


a% NIEHS 


aS National Institute of 
“SO vy Environmental Health Sciences 


Department of Health and Human Servi 
National Institutes of Health 
National Institute of Environmental Health ces 
Research Triangle Park, North ~A 


Editor-in-Chief 


The National Institute of Environmental Health 
a search for the next Editor-in-Chief of Em@ 
tives (EHP). EHP is a peer-reviewed mo 
ing a wide range of topics related to the 
health and disease. The journal has an { 
first among 132 environmental scign 
environmental, and occupational hi 
tional in scope and is distributed 4 
Committee seeks to identify a 


s commencing 
‘al Health Perspec- 
erice journal, publish- 
f the environment on 
actor of 5.34 and ranks 
bourmals and among 90 public, 
J als. The journal is interna- 
untries. The Editorial Search 
scientist in a field related to the 
environmental health scienc ith previous editorial experience. 
The objective is to identify the 1 ditor-in-Chief by February 1, 2007. 
This individual will then gagin working with the Interim Editor and EHP 
staff to complete the tragiittby July 1, 2007. 


Letters of interest ai 
be submitted by 


or EHP, along with curriculum vitae, should 
r 1, 2006 either electronically or by mail to: 
illiam J. Martin UH, M.D. 
Nati tute of Environmental Health Sciences 
O Box 12233, Mail Drop B2-07 
Open Triangle Park, NC 27709 
— E-mail: lloyd3@niehs.nih.gov 


DHHS and NIH are 
Equal Opportunity Employers. 


.com for any further request. 


WEILL CORNE 


MEDICAL COLLEGE IN 


FACULTY 
POSTTIONS 


In a pioneering international initiative, 
of Cornell University established the 
College in Qatar (WCMC-Q) with 
Qatar Foundation for Education 
Development. WCMC-Q is, 
its fifth year of operation, 
faculty positions to teach | 


edical College 


sponsorship of the 

e and Community 
oha, Qatar, and in 
nell seeks candidates for 


edical Program, the inaugural 
the second year of the traditional 
gram leading to the Cornell 


, among other things, integrated, 
ary basic science courses that are the hallmark 
ill Medical College of Cornell University. 


& based in Doha, will be expected to teach their 
spWialty and to contribute to the academic life of the 

edical College. This unique program provides the 
uccessful applicant with the opportunity to leave his/her 
mark on a pioneering venture. A state of the art research 
program, to be housed in WCMC-Q and focused on 
genetics and molecular medicine and women and children’s 
health will be initiated within the next year. Teaching and 
research facilities are situated within a brand new building 
designed to Cornell specifications and located in Education 
City in Doha amongst other American universities. 


All faculty members at WCMC-Q are appointed by the 
academic departments at Weill Cornell. 


Further details regarding the WCMC-Q program and 
facilities can be accessed at: 


www.qatar-med.cornell.edu. 


Candidates should have a M.D., Ph.D. or M.D./Ph.D. or 
equivalent terminal degree. The successful candidate will 
have strong teaching credentials and experience in teaching 
medical students. Salary is commensurate with training and 
experience and is accompanied by an attractive foreign- 
service benefits package. 


Qualified applicants should submit a letter of interest 
outlining their teaching and research experience and 
curriculum vitae to: 


facultyrecruit@qatar-med.cornell.edu 


*Please quote Faculty Search #06-009-sci 
on all correspondence 


Cornell University is an equal opportunity, 
affirmative action educator and employer. 


The screening of applications will begin immediately and 
continue until suitable candidates are identified. 


Please note, due to the high volume of applications, 
only short-listed candidates will be contacted. 
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Mail to notemart@gmail.com for any further request. 


UNIVERSITY OF 


' MARYLAND 


THE DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY 


Bio-molecular NMR Spectroscopist 
All Levels Tenure-track or tenured position (Assistant Professor, 
Associate Professor, and Professor) 


As part of major University initiatives in the life sciences and biophysics, the 
Department of Chemistry and Biochemistry seeks to appoint a bio-molecular 
NMR spectroscopist to a tenured or tenure-track position. The successful candi- 
date will add to the existing programs in biomolecular structure and organization 
and molecular biophysics. The focus of this search is on individuals who have 
strong interest in NMR methodology and applications to biomolecular structure 
and function. We seek outstanding scientists whose research interests comple- 
ment existing strengths in the department and across the University and who are 
committed to developing outstanding programs in research and teaching. One of 
four departments within the College of Chemical and Life Sciences, members of 
the Department of Chemistry and Biochemistry participate in university centers 
including the Center for Biomolecular Structure and Organization, the Center 
for Bioinformatics and Computational Biology, the Institute for Physical Sci- 
ence and Technology, as well as university-wide initiatives in biophysics. The 
University of Maryland, College Park is the flagship campus of the University 
of Maryland System and is ideally situated in close proximity to Washington, 
D.C., Baltimore, and Maryland’s 270 Technology Corridor. Candidates should 
submit via department website (www.chem.umd.edu/employment.html) a 
curriculum vitae, a three-page summary of research plans, a statement of edu- 
cational interests, and contact information for three persons from whom letters 
of recommendation may be requested. 


Qualifications: We seek scholars who will build or have highly visible, widely 
acclaimed research programs and who are capable of excellence in undergradu- 
ate and graduate education. Candidates are expected to have a Ph.D. degree, 
demonstrated accomplishments in independent research, and promise as an 
effective educator. 


Salary: Commensurate with qualifications. 


Deadline: Review of applications will begin February 15, 2007, but we will 
continue to accept applications until the position is filled. EOE/AA. 


APPLICATIONS FROM WOMEN AND MINORITIES ARE ENCOURAGED. 


ea Science 
& Engineering & 


Assistant Professor, 


The MIT Nuclear Science and REI 
invites applications for a tenure track po: 
Professor level in the broad area of nug 
engineering, including fission energyg™aiawon science, and 


is particularly seeking to strengt 
reactor physics and nuclear EN 
outstanding candidates wit 
the entire field of nuclear q 
given serious consideratig 
in an engineering or ply 
demonstrated excelleng? 
include teaching un 
nuclear science a 


gineering, 
disciplines across 


esearch. Responsibilities will 
gluate and graduate subjects in 


culum vitae, description of 

d the names of three references 

via e-mail to ultysearch @ mit.edu or by mail to MIT, 
Nuclear S' nd Engineering Dept, Faculty Search, 
Room 7 Massachusetts Avenue, Cambridge, MA 
0213 ey 


qual opportunity/affirmative action employer. 
Ons from women, minorities, veterans, older workers, 
Mividuals with disabilities are strongly encouraged. 


http://web.mit.edu 


the Sloan-Kettering Institute (www.ski.edu). 
individuals with an outstanding record or rq 


‘aterfice of structural, chemical a 
Faculty will be eligible to hold intments in the newly 
established Gerstner Sloan- Graduate School of 
Biomedical Sciences, as well eill Graduate School of 
Medical Sciences of Cornell cat 


Interested individuals sho’ ibmit their Curriculum Vitae, 
description of past rggearch @complishments and proposed 
research, selected ra: three letters of recommendation 
to: strucbio@ms Application materials can also be 
submitted to: ola Pavletich, c/o Tiffany Lennon, 


Memorial Slo: ring Cancer Center, 1275 York Avenue, 
Box 135, New York 10021. The application deadline 


is March lg . Memorial Sloan-Kettering Cancer Center is 
an Equal rtunity Employer. 


Memorial Sloan-Kettering 
Cancer Center 


The Best Cancer Care. Anywhere. 


www.mskcc. org 


universitatbonn 


Applications are being accepted for the position of: 
Full Professor (W3, tenure) for Crop Science 
The professorship will be part of the Institute of Crop Science and Resource 
Conservation (INRES) in the Faculty of Agriculture, University of Bonn, 
Germany. 


The holder of the position will be responsible for teaching undergraduate 
and graduate level courses in Agronomy and Crop Science in the study 
programmes “Agricultural Sciences”, “Nutrition and Household Sciences” 
and in “Agricultural Science and Resource Management in the Tropics and 
Subtropics” (ARTS). The ability to teach in English is necessary for specific 
advanced courses. 


Applicants should be highly qualified to teach and conduct research in at 
least one of the following research areas: crop physiology including yield 
physiology, precision farming or crop modelling. 


Interdisciplinary cooperation in both research and teaching with the 
departments of the Faculty of Agriculture as well as with the Faculty of 
Mathematics and Natural Sciences is expected. International recognition 
within the scientific community as well as research experience in and outside 
Europe is considered relevant. 


Applications must comply with section 46 of University law (§ 46 - as from 
January 1, 2007 § 36 - HG NRW). 


Please send your application including a CV, a list of publications and 
a statement of teaching and research interests to: Dean, Faculty of 
Agriculture, University of Bonn, Meckenheimer Allee 174, D - 53115 
Bonn, Germany. The deadline for application is March, 15, 2007. 


The University of Bonn is committed to enhancing the diversity of its 
faculty and staff and especially encourages applications from women and 
people with disabilities. In cases of equal qualification, preference will be 

given to women or persons with disabilities. 


Mail to notemart@gmail.com for any further request. 


Faculty Position in Marine Ecology/Conservation Biolog 
Scripps Institution of Oceanography 
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The Scripps Institution of Oceanography (SIO) http://sio.ucsd.edu/ at the University of California, 

invites applications for an Assistant Professor (tenure track) in the broadly defined area of marine ecol d conservation 
biology. We are particularly interested in applicants able to cross disciplinary boundaries and wor diverse array of 
colleagues including physical and social scientists. Applicants must hold a Ph.D. degree or eqyy t and postdoctoral 
experience is preferred. The successful applicant will be expected to conduct and fund an san yer program, advise 
graduate students, and teach at both the undergraduate and graduate levels. Applicants ar o show evidence of 
their potential by a publication record appropriate for their experience. The salary will n the experience of the 


successful applicant and will be based on the University of California pay scale. > &) 


Review of applications will begin on February 15, 2007 and will continue until Mion is filled. Applicants should 
submit their CV, a letter including descriptions of research interests and teaching sts/experience, a list of publica- 
tions, immigration status, and the names of three people with their contact informg§ omplete institution address, email 
address, phone and fax nos., who are familiar with the applicant’s research to: ir, SIO Graduate Department, 0208, 
Scripps Institution of Oceanography, University of California at San Di Jolla, CA 92093-0208, USA. Please 
clearly label applications “Marine Ecology/Conservation Biology Searc plicants are welcome to include in their 
cover letters a personal statement summarizing their contributions to d4 


UCSD is an Equal Opportuni ployer 
with a strong institutional commitment to, ence through diversity. 


= > = = a = 
‘ Wn 
FACULTY POSITION IN APPLIED PHYSIC 2% University Non-Clinical 
The Applied Physics Program at Calf x Lectureships in 
invites applications for one tenure track p FS . . 
as assistant professor. We are seekin © Reproductive Biology 
qualified candidates who are commit oa = (Two posts) 
career in research and teaching. Exceptionally 3 Department of Obstetrics & Gynaecology 
well-qualified candidates may be co d at the 5 £37471 to £41.133 
associate or full professor level. ition to S : a ’ pe 
applicants from traditional areas g device Applications are invited from candidates for two UFC funded 
d/ fanial his & iat ted 4 lectureships in Reproductive Biology. The primary responsibility 
an or ma erla s P YSICS Ww interested 1n of the posts is to lead a programme of research in an area 
applicants with interdisci backgrounds of Reproductive Biology. Candidates with an interest in any 
spanning these and other such as biology area relating to Women’s Health are potentially appointable 
and chemistry. e (including gynaecological cancer and fetal physiology): 
the primary requirement is outstanding potential as an 
F F : ota independent scientist. However, the department has current 
Interested applicants should t an electronic application by : - ear 
ae ; programmes, which utilise gene array and transgenic mice 
visiting http://www.eas. -edu/search/aph. You will be and focus on placental biology and angiogenesis. Candidates 
asked to upload the follow df documents: CV, research with expertise in these areas would be particularly welcome. 
statement, three pu ions, and the names and contact The people appointed should have a PhD, post-doctoral 
information for thre nces. research experience and a proven track record of publications 
and successful grant applications. The appointment will be 
: ' for 5 years in the first instance with re-appointment until 
The term of is appointment is niostnally four years, pile retirement age with appropriate performance. 
os ingent upon completion of all the require- For an information pack email Ms L Foster, LMDF2@medschl. 
ments for ; cam.ac.uk. Closing date for applications (10 copies), together 
with a curriculum vitae and the names of three referees, is 
31 January 2007. 7 
CALIFORNIA INSTITUTE OF TECHNOLOGY B CAMBRIDGE 
Division of Engineering and Applied Science 
Caltech is an Equal-Opportunity/Affirmative-Action Employer. 
Women, minorities, veterans, and disabled persons are encouraged to apply. The University offers a range of benefits including attractive pension schemes, professional 
development, family friendly policies, health and welfare provision, and staff discounts. 
The University is committed to equality of opportunity. 
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Mail to notemart@gmail.com for any further request. 


FACULTY POSITION IN BIOENGINEERING 


The California Institute of Technology invites applications for one 
tenure-track faculty position in the general area of biological engineering. The 
specific research area of the candidate is not as critical as is the ability to 
integrate engineering and biological principles into the synthesis process. 
Relevant research interests include, but are not limited to, multi-cellular and 
tissue level engineering, novel methods to synthesize biological material, and 
biological interfaces. Also relevant to our search is fundamental research aimed 
at developing greater understanding of key mechanisms that will underlie future 
bioengineering synthesis activities. Researchers whose techniques span the 
molecular, cellular, and tissue scales are particularly encouraged to apply. 


We seek highly qualified candidates committed to a career in research and 
teaching. Strong preference will be given to applicants at the assistant-professor 
level; however, full consideration will be given to more senior applicants with a 
distinguished research record. Initial appointments at the assistant-professor 
level are for four years, and are contingent on completion of the Ph.D. degree. 


The Bioengineering Option is a joint program of the Divisions of Engineering 
and Applied Science, Chemistry and Chemical Engineering, and Biology. The 
successful candidate will have a primary appointment in Engineering and 
Applied Science. Joint appointments in other divisions can be arranged as 
appropriate. Further information about our Bioengineering program can be found 
at http:/Awww.be.caltech.edu. 


Qualified candidates should submit a letter of application (pdf format) consisting of a 
curriculum vitae, a statement of research interests, a statement of teaching interests, 
the names and contact information for at least four references, and up to three 
representative publications to: http://www.eas.caltech.edu/search/bioengineering. 
Review of the applications will commence on January 15, 2007 and continue until the 
position is filled. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


Division of Engineering and Applied Science 
Caltech is an Equal-Opportunity/Affirmative-Action Employer. 
Women, minorities, veterans, and disabled persons are encouraged to apply. 


ing outstanding scientists for several tenure and tenure-track positio 
Associate, or Professor levels. Appointments are available in the Scho 
Graduate School of Public Health, or one of the other schools 


Bihe he 
The CVR is housed in the new, state-of-the-art, 300,000 Pr fedical Research 
Tower-3 (BST3), which is located on the main campus of the me y of Pittsburgh— 
0 


one of the nation’s leading research institutions. The CVR, sed of two compo- 


ference rooms. Located 
ics Core Labs and Drug 
ive research environment by 
etry instrumentation. The RBL 
mid-2007. It will occupy 20,000 
'L3 facilities (small animals and 
enge module as well as surgical, 


BSL2+ tissue culture rooms, instrument rooms, and off 
adjacent to several related units (e.g., Genomics ai 
Discovery Institute), the VRL offers an outstandi 
providing access to microarray, robotic, and mass, 
is currently under construction and is expected 
sq. ft. and offer comprehensive BSL3 lab spa 
nonhuman primates) which will include 
necropsy, and imaging suites. 

Qualifications include academic acco: 
track appointment, including an ad) 
candidates will have a sound pu 


that meet the standards for a tenure- 
(M.D., Ph.D., or equivalent). Successful 
jon,record, be active contributors to the vaccine 
research field, and have a demong¥a ility to obtain extramural research funding. 
Candidates should be prepared ta@@@tablish an independent laboratory program in vaccine 
research. Individuals with e: w immunology of infectious diseases, microbial 
pathogenesis, or microbial v; e encouraged, as are those with a translational com- 
ponent to their research. Sal , and academic appointment will be commensurate 
with qualifications and ey 


Review of application: 
Interested individual, 
of research accompli 
es and telephone 
ferred and sho 
Applicatio: 


in immediately and continue until all positions are filled. 
ubmit a letter of application, curriculum vitae, a statement 
s and goals, and the names, mailing addresses, e-mail address- 
f three professional references. Electronic applications are pre- 
it to CVRInfo@pitt.edu (subject line: CVR Faculty Search). 
by mail should be sent to: 


University of Pittsburgh 


w CVR Search Committee c/o Donald S. Burke, MD 


ledical Science Tower 3, 3501 Fifth Avenue, Pittsburgh, PA 15261, USA 
Inquiries: e-mail CVRInfo@pitt.edu or telephone 412-624-3001 


The University of Pittsburgh is an equal opportunity, affirmative action employer. 
Women and minority candidates are strongly encouraged to apply. 


cations and nominations for the position of Dig 
Lombardi Comprehensive Cancer Cente 
Director will bring dynamic scientific, cl 
business leadership to the Cancer Center. This role represents a1 
opportunity to shape and lead a program that engages a t 
cians and scientists who will conduct cancer-related research® 
state-of-the-art patient care. The Director of the Lombardi Comprehensive 
Cancer Center reports to the Executive Vice President th Sciences 
and Executive Dean of the School of Medicine. The the LCCC 
is responsible for advancing the basic, populatiggs B and clinical 
research, clinical care, and community outreachg 


ing effectively with the leadership of MedS 

quality delivery of patient care. © 
The Director will combine a compelling vjge the training and research 
of basic and clinical biomedical sciencgile® ging interdisciplinary col- 
laborations to: integrate discovery W@ increase the rate of interven- 
tions development and the applicatj Sa gira technologies through 
translational research; and eax Neg of these interventions for use 
in the clinic and in public heal: yalives as progressive care for cancer 


patients. The Director will be sible for leading the Center into the 
top tier of comprehensive cancer pR@rams in the world. Lombardi seeks a 


leader who can assess its recombining them to capitalize on current 
strengths and create a s' ‘of near- and long-term targets for clinical, 
translational and basj h opportunities. 

We are seeking a , nd/or M.D./Ph.D. in the biomedical sciences 


with a provep r successful administration of a cancer center, a 
related depa’ biomedical research organization. The Director 
will have a ga tation for excellence in research, education and/or 


healthcare 'y, which affords the Director credibility and stature 
within t 


GEORGETOWN, UNIVERSITY 


ped its own goals for 


fie 


Russe nolds Associates is working closely with a Search Committee to 
fac} {Ms important search. Please forward materials to: Anne Martin 
i Russell Reynolds Associates, 1701 Pennsylvania Avenue NW, 
e 400, Washington, DC 20006; jrackley@russellreynolds.com. 


INDIANA 
UNIVERSITY 
SCHOOL OF 
MEDICINE 


Asthma and Allergic Disease Program 
Assistant/Associate Professor 


The Department of Pediatrics, Section of Pulmonology, Critical 
Care and Allergy and the HB Wells Center for Pediatric Research 
(www.wellscenter.iupui.edu) is recruiting two faculty positions 
at the Assistant/Associate Professor level. We are particularly 
interested in candidates working in asthma and allergic disease 
related research to complement existing strengths in cytokine 
and T cell biology, and airway physiology. Candidates will 
have a PhD, MD or MD/PhD and must have a strong research 
background and either current, or potential for, independent 
funding. New faculty will be provided with generous start-up 
packages and join an active multi-disciplinary Immunology and 
Airway Disease research community that was recently funded 
by an Asthma and Allergic Diseases Research Center. 


Interested candidates are encouraged to submit a curriculum 
vitae and a short description of research interests to: Mark 
H. Kaplan, PhD, Director of Pediatric Pulmonary Basic 
Research, Wells Center for Pediatric Research, Depart- 
ment of Pediatrics, Indiana University School of Medicine, 
702 Barnhill Drive, Room 2612, Indianapolis, IN 46202, 
airway@iupui.edu. 


Indiana University is an EEO/AA Educator, 
Employer and Contractor (M/F/D). 


Mail to notemart@gmail.com for any further request. 


Tenure Track Faculty Positions 
Viral Pathogenesis-Inflammation 


Fox Chase Cancer Center is seeking to recruit new tenure track faculty at 
the level of Associate Member (equivalent to Assistant Professor) or Member 
(equivalent to Associate Professor) to join the Viral Pathogenesis program. 


We are particularly interested in candidates that will use in vivo models 
of viral infection to investigate mechanisms of one or several of the 
following: innate immunity, adaptive immunity, tolerance, inflammation 
or carcinogenesis. 


The successful candidates must have outstanding credentials and will be 
expected to establish a strong, extramurally funded research program. 
Fox Chase Cancer Center is an independent research institution that 
offers a generous start up package and a highly interactive environment. 


Application package must be _ submitted electronically to 
Skalka.Recruitment@fccc.edu. Package should include curriculum 
vitae, a concise research statement describing research accomplishments 
and future research plans (4 pages maximum) and contact information 
for at least three referees. Please reference “Viral Pathogenesis faculty 
position” in your cover letter. 


FOX CHASE 


CANCER CENTER 


Fox Chase Cancer Center is an Affirmative Action/ Equal Opportunity Employer 
and solicits applications from women and under-represented minorities. 


WEILL CORNEL 


MEDICAL COLLEGE IN a 


FACULTY 
POSITIONS 


In a pioneering international initiative, 
of Cornell University established the 
College in Qatar (WCMC-Q) with thé 
Qatar Foundation for Education, 
Development. WCMC-Q is loc 
its fifth year of operation, 
faculty positions to teach 


edical College 


and Community 
ioha, Qatar, and in 
eeks candidates for 


Following a two-year 
class has now co 
four-year educatio’ 
University M.D, 
The medical 


edical Program, the inaugural 
the second year of the traditional 
ram leading to the Cornell 

, which they will receive in May 2008. 
at WCMC-Q replicates the admission 
innovative problem-based curriculum, 
mong other things, integrated, 


idisai basic science courses that are the hallmark 
Mo precica College of Cornell University. 
ased in Doha, will be expected to teach their 
and to contribute to the academic life of the 
al College. Biochemistry is taught at the pre-medical 
leV@ and as a component of the Molecules, Genes and 
ells course in the medical curriculum. Candidates must be 


able to teach the biochemistry of metabolism, in addition to 
molecular biology. This unique program provides the 


CT BiorAp 


aevctatetiagy © South Aiton 


iThemba Pharmaceuticals (Pty) Ltd 
Johannesburg, South Africa 


Funded by LIFE/ab and BioPAD, South A frican based iThemba PI 
aims to become a world-class, research-based, bio-pharmaceu 
This private company was founded by leading medicinal chemists, Dennis 
Liotta (Emory Univesity USA), Steven Ley (Cambridge Ugiversity, UK), 
Anthony Barrett (Imperial College, UK) and George A pins Inc, 
USA) to discover and develop medicines for the healt s of Africa. 


Chief Scientific Officer and/or Direc mistry 
iThemba Pharmaceuticals (Pty) Ltd, is seekig it a Chief Scientific 
Officer (CSO) and/or Director of Chemistry sT, bent will work with a 
team of internationally renowned medicinal in the field of infectious 


diseases and should have extensive medici istry experience within the 
pharmaceutical industry, as well as %, 
provide both the scientific and busine: 


during and after the start up stage of, pany. 


The key requirements for the C 
¢ A PhD in synthetic organy nistry. The candidate must be an 
internationally renowned indu: scientist with a minimum of 5 years 
experience of drug discovgis and deW¥elopment in the pharmaceutical and/or 
biotech industries 


ctor of Chemistry position are: 


Knowledge and unde moe of: local (South African) and international 

pharmaceutical/bio gy sector; principles of financial management 
: management tools; cost and budgetary control 

sate and close contracts 

innovative and decisive individual with vision, strong 


jng and strategic thinking skills who thrives in a dynamic, 
vironment and is willing to travel 


ised, competitive package, which reflects experience and 

fered for an initial two year contract position. Applications: Kindly 
ger of motivation together with your CV to Dr. Carl Montague 
pntague@lifelab.org.za by the 28 January 2007. For further 
On please contact: Dr. Agatha Masemola (agatha@biopad.org.za) 
wrof. Dennis Liotta (dliotta@emory.edu). 


skills, i 


successful applicant with the opportunity to leave his/her 
mark on a pioneering venture. A state of the art research 
program, to be housed in WCMC-Q and focused on 
genetics and molecular medicine and women and children’s 
health will be initiated within the next year. Teaching and 
research facilities are situated within a brand new building 
designed to Cornell specifications and located in Education 
City in Doha amongst other American universities. 


All faculty members at WCMC-Q are appointed by the 
academic departments at Weill Cornell. 


Further details regarding the WCMC-Q program and 
facilities can be accessed at: 


www.qatar-med.cornell.edu. 


Candidates should have a M.D., Ph.D. or M.D./Ph.D. or 
equivalent terminal degree. The successful candidate will 
have strong teaching credentials and experience in teaching 
medical students. Salary is commensurate with training and 
experience and is accompanied by an attractive foreign- 
service benefits package. 


Qualified applicants should submit a letter of interest 
outlining their teaching and research experience and 
curriculum vitae to: 


facultyrecruit@qatar-med.cornell.edu 


*Please quote Faculty Search #06-008-sci 
on all correspondence 


Cornell University is an equal opportunity, 
affirmative action educator and employer. 


The screening of applications will begin immediately and 
continue until suitable candidates are identified. 


Please note, due to the high volume of applications, 
only short-listed candidates will be contacted. 
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Mail to notemart@gmail.com for any further request. 


eynedbes 
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The Ruprecht-Karls-Universitat in Heidelberg invites applications for the position of 


Rector. 


The University of Heidelberg is the oldest university in Germany, with six centuries of tradition in 
teaching and research. Its ethos is that of a classical university with a broad range of subjects 
and a strong emphasis on research. Interdisciplinary cooperation is an essential element of its 
academic achievement, at the national and international level. The University of Heidelberg has 
a budget of approx. € 168 million (excluding Medicine), a good proportion of third-party funding, 
about 27,000 students from all subject areas, just under 400 full professors, a total of over 11,000 


staff and extensive land and property. 


Heidelberg University is looking for an eminent academic with strong leadership qualities. He/she 
should have special experience in the management of large organisations and a well-developed 
understanding of what is involved in running a university. In coordination with the University Council 
and the internal self-governance structures, applicants should be able to demonstrate a policy 
of innovation and integration in guiding the university through the current processes of change 
in all areas — from the “minor” disciplines to the major field of university medicine. The Rector will 
be expected to advance cooperation with top-level research institutions in the Heidelberg area, 
and to pursue a forward-looking policy in expanding the network of international cooperations. 


The appointment will commence on October 1, 2007. The Rector represents the Universit 
responsibilities, powers, preconditions for appointment and service ranking follow from §1 
the higher-education law of Baden-Wurttemberg. The Rector is a public servant with a fixed- ¢, 
contract; the term of office is six years and re-election is possible. The successful candi 

be elected by the University Council, the decision will be ratified by the University Senate 


state premier of Baden-Wurttemberg will make the final appointment. 


Heidelberg University is anxious to increase the share of women on its staff and so strongly enco 
women to apply. Candidates with disability will be given preference, all other things being ae 
th 


Applications with all appropriate documents should be sent by 26 January 2007 to 


“aS Council, 


of the University Council of Heidelberg University, Office of the 


University of Heidelberg 


Training in 
Infectious Disease Res 


University of Penns “NE 
' School of Veterina icine 
° Veterinary C 


Infectious D@eapes 

As part of a new init’ expand infectious 
disease research at th f Veterinary 
Medicine, the Veterina for Infectious 
Diseases invites appli or RESEARCH 
FELLOWSHIPS fror erinarians aiming 
for a career in w search is a principal 
component. Cai nust have a veterinary 
degree and evi of research potential. Board 
certificationg levant clinical specialty is 
desirable b sential. Successful candi- 

" sic or translational research 


r the mentorship of established 
't the School. 


ips will initially be for one year, with the 

for a second year depending on progress 

ailable funding. Applicants should submit 

ptter of intent, CV, contact information and 

le names and contact information for three ref- 

erees to: Ms. Louisa Dowling, Department of 

Pathobiology, School of Veterinary Medicine, 

University of Pennsylvania, 3800 Spruce St., 

Philadelphia, PA 19104-6008; Telephone: 215- 

898-7898; E-mail: dowling@vet.upenn.edu. 

The deadline for applications is April 1, 2007. 

Specific questions about the fellowships may be 

directed to Dr. Edward Pearce; Telephone: 

215-573-3493; E-mail: ejpearce@mail.med. 
upenn.edu. 


©... 


hairman OPT ae ae , F 
The University of Pennsylvania is an Affirmative 


Action/Equal Opportunity Employer. 


SeminarstraBe 2, 69117 Heidelberg, Germany. é 


UNIVERSITY OF MARYLAND 
Baltimore 


Director, Stem Cell Initiativ 
Associate Professor or Full Pr or 
School of Medicine 


Applications are invited from established, highly productiyg, dy@mic individu- 
als with exceptional expertise in the area of basic stem We seek an 
individual with a creative vision, to establish and lead a cell initiative 
at the School of Medicine, University of Maryland, B 4 School of 

Medicine has an aggressive research vision and off: ant interdisciplinary 


research environment. The School is on a rapid j i 
ranks among the top 25 medical schools in t ey n NIH funding. 
This accomplished individual would take the 
major stem cell research program at Unive 


uniting growing areas of expertise ing: 
vascular stem cell research. 


The successful candidate is ceo superb record of scholarly activi- 
i 


ip role in catalyzing a 
aryland School of Medicine, 
ieW@e, hematopoetic and cardio- 


ty, a continuous history of extram ing together with proven leadership, 
and administrative abilities, exp ilding successful interdisciplinary pro- 
grams and a commitment to fu and the high national and internation- 
al visibility of the School. 


Nominations and applicat uld be sent to: Dr. Meredith Bond, Chair, 
Search Committee for Dire: en Cell Initiative, at stemncellsearch@som.umaryland.edu. 
Applicants should submi: ya letter summarizing their qualifications and 
interest in the positi an updated CV. The letter should describe 
research, teachin administrative experience, previous mentoring, and 
achievements wi isciplinary programs. All inquiries, nominations and 

ed confidentially. 


— 
For more i m n, please visit the University of Maryland School of 
Medicine it@yat http://medschool.umaryland.edu. For 

questions or Itional information please contact Dr. Bond, git oe 
mbonggsom.umaryland.edu. Review of applications will begin y 4% 
Marc 007. 


= 
= 
3 
o 
= 
° 
a 
3 
a 
XN 
a 
cy 
] 
3 
= 
7) 
Cy 
- 
s 
3 
=] 
6 
] 
~ 
x 
3 
= 
ws 
3 
° 
7) 
N 
> 
° 
6 
— 
« 
= 
a 
N 
rT) 
£ 
a 
Ey 
2 
N 
© 
© 
° 
a] 
o 
= 
N 
= 
6 
4 
~ 
> 
i} 
@ 
2 
= 


g y of Maryland is an Equal Opportunity/ 
ive Action Employer. 


www.hr.umaryland.edu 


DONALD DANFORTH PLANT SCIENCE CENTER 


DISCOVER + ENLIGHTEN + SHARE + NOURISH 


Director and PI Positions 
Institute for Renewable Fuels 


The Donald Danforth Plant Science Center seeks a Director and 
an additional principal investigator at either the Assistant or 
Associate Member level for the newly established Institute for 
Renewable Fuels. The Institute will focus on enhancing produc- 
tion and recovery of energy-rich biofuels components and co- 
products from plant materials. The Director will coordinate and 
lead the efforts of the Institute and maintain a vigorous research 
program in the biofuels area. Research projects will support 
the focus of the Institute and complement current strengths in 
plant biochemistry and metabolic engineering at the Danforth 
Center (www.danforthcenter.org). Preference will be given to 
applicants with multidisciplinary research programs, ongoing 
research support, and proof of scientific productivity. Level of 
appointment and salary will reflect prior experience. 


Applicants should submit cv, reprints of three significant 
publications, and description of future research to: Ms. Billie 
Broeker, Director of Human Resources, REF: Plants, 
Donald Danforth Plant Science Center, 975 North Warson 
Road, St. Louis, MO, 63132, or by email to bebroeker@ 
danforthcenter.org, with Plants in the subject line. 


EOE/AA Employer/M/F/D/V. 


Mail to notemart@gmail.com for any further request. 


Post-Doctoral Fellows 


We have immediate openings for qualified and highly motivated researchers to pursue post-doctoral training. GIS provides a rich academic eny 
for post-docs to engage in research that applies cutting-edge technologies in genomics, genetics, proteomics, and bioinformatics to address! 
in the biology of stem cells, cancer, and immunity. Post-doctoral fellows receive internationally competitive funding and travel allowange 
scientific conferences. Current openings are described below. Please visit our website www.gis.a-star.edu.sg for a complete listing of o 


exciting areas of research. A PhD degree and a strong record of research excellence are required. 
of 


Stem cell and developmental biology: We have multiple openings for post-doctoral fellows to perform functional genomics 
cells and in early embryonic development. The genes and signaling pathways that regulate cell fate decisions are being explo 
in genomics, cell biology, and developmental biology to dissect the regulatory networks that control cell differentiation and gro tion in vitro and 


in vivo. 


Transcriptional networks: You will use comprehensive approaches to correlate gene expression with the epigeneti 
learn and apply new chromatin immunoprecipitation technologies to assess transcription factor occupancy across t 
evaluate histone and DNA modifications to build a more complete picture of the transcriptional regulatory networ! 


ideal candidate will have experience and continued interest in applying molecular biology and biochemical app 0 SMidy gene expression. 


molecular basis of the host response to infectious disease, and/or the vulnerability to autoimmunities. Gene t, 
and candidate gene association studies that are ongoing at GIS. Your role will be to apply skills in genetic 


Human Genetics (Infectious/Autoimmune Disease): You will work with a multidisciplinary huma PE roup to explore the underlying 
to characterize the novel functions of the implicated genes, and to discover their relationship to the “OF Ss 


Systems biology: Projects for qualified individuals are available to explore biology via a syste 
data sets from genomic and genetic studies to identify candidate genes that are involved in hum: iseaee. Computational approaches will drive the 
selection of disease genes, which will then be evaluated by experimental strategies you design. T 

are encouraged to apply. Positions are also available for experienced bioinformaticsists inter 


comparative genomics. 


If you are interested in joining a highly talented research team situated in a unique locatig 


vitae and a list of three references to: 


ryonic stem 
u will use tools 


of stem cells. You will 
e. In addition, you will 
t stem cell biology. The 


ill be identified from genome-wide 
emiology, molecular, and/or cell biology 


approach. You will mine our proprietary 


rental biologists with basic computational skills 
@ ne expression networks, statistical genetics, and 


global vision, please forward a cover letter, curriculum 


Director Positions 


Agricultural Biotechnology Research Center ar 
Research Center for Biodiversity 
Academia Sinica, Taipei, Taiwan (e) 


Academia Sinica, Taipei, Taiwan, invites applications and ro Gp for 
the positions of Director of Agricultural Biotechnology Rese Center 
(ABRC) and Director of Research Center for Biodiversity (RCB). The 


initial appointment is for a period of three years (re T&¥pr a second 
term), and will also carry the title of Research Fell 
10M 1 


Academia Sinica is the pre-eminent academic if in Taiwan. It 
is devoted to basic and applied research @, atics and physical 
sciences, life sciences, and humanities a sciences. ABRC cur- 
rently engages in interdisciplinary resear ‘op plant improvement 
and plant bioreactors, herbal medicine a me technology. Research 
efforts of RCB cover all major args M@_ioMversity research including 
taxonomy and systematics, ecolo iomonitoring, evolutionary 
genomics, and conservation for bility. Both Centers are well 
funded and equipped with mo arch facilities. For details about 
Academia Sinica and the two, s, please consult the website: http: 
//www.sinica.edu.tw. 


Interested candidates sh 
of academic scholarshi 
fessional service. Hi 
gram. The successfi 


ve a Ph.D. degree, a distinguished record 

iverse experience in university and pro- 
xpected to pursue a vigorous research pro- 
dates will be expected to build on the existing 

e Centers, develop new research thrusts, promote 
provide intellectual leadership in relevant basic 


aon list, and three letters of recommendation, should be submitted 
rew H.-J. Wang, Vice President, Academia Sinica, 128 Aca- 
Section 2, Nankang, Taipei, 115, Taiwan. Please indicate 

ition you apply for. Screening of applications/nominations will 


Chair of Neuroscience 
TUFTS UNIVERSITY SCHOOL OF MEDICINE 


Tufts University School of Medicine seeks a Chair for the Department of 
Neuroscience. The Medical School is located in downtown Boston and has an out- 
standing reputation in research, teaching, graduate training, and patient care at its 
affiliated teaching hospitals. 


The Department of Neuroscience has 6 tenured, 3 tenure-track faculty members 
and | research-track faculty member with substantial extramural research sup- 
port. Current faculty research and teaching focus on interests ranging from devel- 
opmental neurobiology to physiology and behavior, with an emphasis on cellular, 
molecular, and genetic analyses. We have strong research groups in the areas of 
sensory systems and complex behavior, and synapse development and function. 
Ongoing research efforts are shedding light on the etiologies of diseases such as 
epilepsy, mental retardation, schizophrenia, brain cancer, neurodegeneration (e.g., 
Alzheimer’s and Parkinson's diseases), sensory and sleep disorders (e.g., retinal 
degeneration, deafness, pain, and insomnia), diabetes, obesity, anxiety, aggression, 
and drug abuse.The Department is the home of an NIH-funded Neuroscience 
Core Facility supporting Bioinformatics, Imaging (confocal and two photon), 
Electrophysiology, and Behavior on the Health Sciences campus. The Neuroscience 
faculty also is strongly linked to several federally funded Tufts centers that provide 
core support for nucleotide and protein synthesis and sequencing, and for research 
in gastrointestinal, cardiovascular and ophthalmologic diseases. The departmental 
laboratories expanded into new research facilities in 2003. The Department's 
website is: http://neurosci.tufts.edu. 


Department of Neuroscience faculty are involved in teaching graduate students 
and post-doctoral fellows enrolled in the Tufts University Sackler School of 
Graduate Biomedical Sciences and also teach a highly-rated course in 
Neuroscience for second year medical students. 


Candidates for the position must hold a Ph.D., M.D. or equivalent degree and 
qualify for professorial appointment. Applicants/nominees should have 
active, independent research programs, should be recognized scholars and 
educators in their fields, and be able to lead the further development of pro- 
grams of the Department. Candidates with a research program relevant to 
neurological disease, including research integrating disciplines from the 
mathematical and engineering sciences, are particularly invited to apply. 


Names and curricula vitae of potential candidates should be sent to: 
Daniel Jay, Ph.D., Chair, Neuroscience Search Committee, c/o Mary 
Broderick, Medical Dean’s Office, Sackler 8, Tufts University School 


of Medicine, 136 Harrison Ave., Boston, MA 


02111; Mary.Broderick@tufts.edu 
UNIVERSITY 


Tufts University is an AA/EO employer and actively 
seeks candidates from diverse backgrounds. 
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POSITIONS OPEN 


The Department of Microbiology, Molecular Bi- 
ology, and Biochemistry at the University of Idaho 
invite applications for a TENURE-TRACK ACA- 
DEMIC FACULTY position at the ASSISTANT 
level to begin in the fall of 2007. Applicants should 
have research interests and experience in the molec- 
ular basis of microbial pathogenesis. Candidates should 
have a Ph.D. in microbiology or related discipline, 
postdoctoral training, ability to communicate effec- 
tively with students and colleagues, and a record 
indicating outstanding abilities and potential in 
research and teaching. The successful candidate will 
be expected to develop and maintain an externally 
funded research program and participate in graduate 
and undergraduate teaching in the areas of prokary- 
otic molecular biology and pathogenic microbiology. 
The Department has an active pathogenics group 
and BSL-3 facilities. Salary to commensurate with 
experience. 

Candidates should complete the online applica- 
tion at website: http://www.hr.uidaho.edu. Submit 
letter of application, curriculum vitae, statement of 
current and long-term research interests and teach- 
ing philosophy, and copies of significant publications. 
In addition, we will need three letters of reference 
from individuals addressing research potential, teach- 
ing, and communication skills. Documents that cannot 
be submitted online are to be sent to: 


Dr. Scott A. Minnich, Search Committee Chair 
Department of Microbiology, Molecular Biology, 
and Biochemistry, University of Idaho 
P.O. Box 443052, Life Science Building, Room 142 
Moscow, ID 83844-3052 

Review of applications begins March 1, 2007, and 
continues until the position is filled. Priority will be 
given to applications received prior to March 1, 2007. 
Applicants who are selected as final possible candidates must be 
able to show proof of eligibility to be employed in the United 
States. 

The University of Idaho is an Equal Opportunity /Affirmative 
Action Educator and Employer. 


EPITHELIAL BIOLOGY 
RESEARCH POSITIONS 
University of Chicago 

Positions are available beginning February 2007 
in a new multi-investigator, interactive Laboratory 
of Epithelial Pathobiology focused on mechanisms 
of adhesion and signaling related to epithelial mor- 
phogenesis, wound healing, and carcinogenesis; reg- 
ulation of ion transport; and polarized membrane 
trafficking and targeting. 

Positions are available both for new Ph.D. 
recipients at the POSTDOCTORAL FELLOW 
level and for more experienced individuals wishing 
to transition to independence. Appointment of the 


SISTANT PROFESSOR) with the potential fo 
consideration of subsequent appointment to th 
ulty tenure track at a later date. 


latter will be as RESEARCH ASSOCIATE we 


also encouraged to apply. 
Interested candidates should submi 


Minimum requirements are a Po. degree, WAY 
three significant publications, and excellent 


“ 
7h 

nication skills. Candidates with an M.D. or 

research experience in epithelial wa, are 


etter of in 


terest and current curriculum vitae n 
Ph.D. at e-mail: kmatlin@surg@gh by. 
edu. The University of Chicago and its fal Center are 
Affirmative Action/Equal Opportunjdas Employ®s. 


at Valdosta State 
, is seeking applica- 
osition in physiology 
SSOR level to begin in 
ful candidate will teach 
mo troductory biology courses, 
anatomy and p Vy, and other courses in the 
candidate’s area ertise. Review of applications 


will begin <<" 5, 2007, and continue until the 


The Department of By 
University in Valdosta, 
tions for a tenure-track gg 
at the ASSISTANT 
August 2007. T: 


majors and nonr 


position is @@ed. For full job description and ap- 
plication ggea visit our website: http://services. 
valdgst: databases/jobs/. Valdosta State is an 
Eq ity Education Institution. 


274 


Mail to notemart@gmail.com for any further request. 


POSITIONS OPEN 


www.ars.usda.gov 


RESEARCH LEADER 
INTERDISCIPLINARY: SUPERVISORY 
RESEARCH PLANT PATHOLOGIST/PLANT 
PHYSIOLOGIST/GENETICIST (GS-14/15) 
Salary Range of $87,533 to $133,850 


The Grain Legume Genetics and Physiology Re- 
search Unit, Pullman, Washington, is seeking a per- 
manent full-time Research Leader. The successful 
candidate will provide scientific leadership and oper- 
ational management for the research unit and con- 
duct personal research on physiology, pathology, 
and/or genetics and breeding of cool season food 
legumes contributing to the development of improved 
germplasm and cultivars. For details and applica- 
tion directions, see announcement number ARS- 
X7W-0077 at website: http://www.afm.ars.usda. 
gov/divisions/hrd/index.html. To have a printed 
copy mailed, call telephone: 509-335-8663. U.S. cit- 
izenslip is required. Announcement closes March 5, 
2007. Applications must be received by the closing 
date of the announcement. USDA /Agricultural Research 
Service is an Equal Opportunity Employer and Provider. 


GLOBAL VACCINES, INCORPORA’ 
New Vaccine Technologies for t 
Developing World 

Global Vaccines, Incorporated (CV or 
profit company that is translating bgge foveries 
into affordable vaccines for resour popula- 
tions. We are currently hiring agg scientists 
at STAFF, POSTDOCTORAL, CHNICAL 
levels to join our expanding ch team. The 


successful candidates wil ve song virology/ 
microbiology, molecular » and immunology 


skills, as well as the abilig®toS$@form and commu- 
nicate well in a a Os environment. Ex- 
perience with vaccin 2 and development is 
preferred but not r . GVI is located in Re- 
search Triangle Kk, rth Carolina, and offers 
competitive salar benefit packages. To learn 


more about G ease visit us at website: http:// 
www.global org. Applicants should submit 


a cover letyggm ating personal qualifications and 
detailed cyficl¥im vitae to: 


Clayton Beard 
Director of Research 
obal Vaccines, Incorporated 


7020 Kit Creek Road, Suite 250 


4 P.O. Box 14827 
rch Triangle Park, NC 27709-4827 


E-mail: cbeard@globalvaccines.org 


ASSISTANT SCIENTIST 
TERRESTRIAL ECOSYSTEM ECOLOGIST 
Marine Biological Laboratory 


The Ecosystems Center at the Marine Biological 
Laboratory (MBL) seeks applications for an Eco- 
system Ecologist at the Assistant Scientist level with 
focus area of land-water interactions and understand- 
ing consequences of large-scale changes to terrestrial 
land use and climate. Of particular interest are in- 
dividuals capable of working at a variety of spatial 
scales or who use novel techniques to investigate eco- 
system process. The Center has a highly collaborative 
research environment. The successful applicant 
should show strong potential to develop an externally 
funded independent research program in collabora- 
tion with other Center scientists and scientists from 
other institutions. More information about the Cen- 
ter is available at website: http://www.mbl.edu/ 
research/resident/lab_ecosystem.html. 

For full job posting and application procedure, 
access the position posting on the MBL jobs page at 
website: http://www.mbl.edu/jobs. Review of 
applications will begin March 1, 2007. 

The MBL is an Equal Opportunity/Affirmative Action 
Employer. 


POSITIONS OPEN 


MARINE BIOLOGIST 

The University of Alabama (UA) 
Biological Sciences and Dauphin Isl 
tory (DISL) (the State of Alabg sWarine Sci- 
ence Institution) announce a cour Qsistant/ 
ASSOCIATE PROFESSOR 10logist posi- 


tion to begin August 2007. rg@ecking a highly 


interactive scientist who,is capawae® of and willing to 
conduct collaborative :i@pch@ freshwater to ma- 
rine systems, comple @pongoing research at 
UA and DISL. The gaeC¥@ul candidate will have 
an established reco, esearch, grants, service, 
and undergraduatgan @ggaduate teaching. We invite 
applications fro arine Ecologists/Biologists 
working at an of ecological organization and 
studying area as: population genetics; food 
webs, inclu robial loops; nutrient cycling; or 
physiologi gy. Researchers working on con- 
? , anthropogenic impacts in the 
and climate change are also encouraged 


s will be expected to develop active, ex- 
funded research programs, to work closely 
th Tdergraduate and graduate students as a teacher, 
asor, and Director of research, to coordinate our 
acuate program in marine science, and to serve as 
laison between UA and DISL. 
For more information about our programs visit 
our websites at website: http://www.as.ua.edu/ 
biology and http://www.dislorg/. To apply, send 
curriculum vitae and a letter of application that in- 
cludes (1) your research goals; (2) a statement of 
your teaching philosophy; and (3) a list of courses in 
your area of expertise that you would be interested 
in teaching, and have at least three letters of refer- 
ence sent to: Marine Biology Search, Department 
of Biological Sciences, P.O. Box 870344, The Uni- 
versity of Alabama, Tuscaloosa, AL 35487-0344. 
Questions about the position may be addressed to: 
Dr. Julie Olson, Chair of the Search Committee 
(e-mail: jolson@biology.as.ua.edu). Review of ap- 
plications will begin February 15, 2007, and contin- 
ue until the position is filled. 

The University of Alabama is an Equal Opportunity /Affir- 
mative Action Employer and welcomes applications from women 
and members of minority groups. 


A POSTDOCTORAL POSITION IN IMMU- 
NOLOGY is available immediately to investigate 
the impact of nutritional deficiencies on immune 
defense systems. Such deficiencies accompany many 
chronic illnesses and cause increased production of 
immunosuppressive steroids as part of a stress re- 
sponse. Thus the interrelationships between nutri- 
ents, neuroendocrine systems, gene expression, and 
immune defense are explored in this novel area of 
research. A resourceful candidate with a background 
in immunology and molecular biology is desired. 
This well-funded NIH position provides a generous 
salary and benefits for two years. The projects de- 
veloped by a successful candidate can be used to 
establish their own independent laboratory. Send 
curriculum vitae, a letter describing career goals, and 
contact information for three references to: Dr. Pam 
Fraker (e-mail: fraker@msu.edu), Department of Bio- 
chemistry, Michigan State University, East Lansing, 
MI 48824. 


A POSTDOCTORAL POSITION is available 
immediately at Texas Tech University Health 
Science Center. The prospective candidate will work 
on polycystic kidney disease and kidney cancer at 
both basic and translational levels. The successful 
candidate should have a Ph.D. and/or M.D. degree 
and a strong background in molecular biology. The 
experience with small animal models is a plus. The 
candidate must be highly motivated and capable of 
functioning as a teamplayer. Send curriculum vitae, 
including research experience, publication list, and 
names and contact information of three references, 
to Dr. Yunxia Tao by e-mail: yunxia.tao@ttuhsc. 
edu. 
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Mail to notemart@gmail.com for any further request. 


OAKLAND UNIVERSITY 
DEPARTMENT OF BIOLOGICAL SCIENCES 


TENURE-TRACK FACULTY POSITIONS 
IN MICROBIOLOGY AND IMMUNOLOGY 


The Department of Biological Sciences at Oakland University invites 
applications for two tenure-track positions to be filled by August 2007, 
one in Microbiology and one in Immunology. We seek candidates who 
are interested in key molecular/biochemical questions in their fields, using 
state of the art approaches and techniques. A Ph.D. and post-doctoral 
experience are required as well as a strong research track record evi- 
denced by publications. Appointments will be at the assistant professor 
level; outstanding candidates with appropriate experience and long-term 
funding may be considered for appointment as associate professor. Each 
successful candidate is expected to develop a vigorous, extramurally 
funded research program, to teach effectively at the undergraduate and 
graduate levels, and to mentor graduate students in doctoral programs. 


The Department of Biological Sciences (http://www2.oakland.edu/ 
biology/) is a modern, well equipped, and research oriented depart- 
ment. The department has active graduate programs at the Master’s 
and Ph.D. levels. Oakland University is a state-supported institution 
of 17,000 students situated on a beautiful 1,600-acre campus 25 miles 
north of Detroit. 


Review of Applications will begin on January 15, 2007, and continue 
until the position is filled. Applicants should submit a curriculum vitae, 
statement of research plans and teaching philosophy, key reprints, and 
arrange to have at least three letters of reference sent to: 
Arik Dvir, Chair 
Department of Biological Sciences 
Oakland University 
Rochester, MI 48309-4401 


Or by email: biology! @oakland.edu 


Oakland University is an Affirmative Action/Equal Opportunity 
Employer and encourages applications from women and minorities. 


JOHNS HOPKINS 
max BLOOMBERG 
VERY SCHOOL PUBLIC HEALTH re) 

STRUCTURAL BIOLOGIST © 


Johns Hopkins Malaria Research Instit 
Department of Biochemistry and Moleqular gy 
Department of Molecular Microbiology gfgyfnoigy 
The Johns Hopkins Malaria Research Institute and thi 
chemistry and Molecular Biology and Molecular 
nology invite applications for a tenure track facu' 
structural biology. Preference will be given t 
professor level, but candidates at more seni 
particularly seek applicants whose res 


graphic and biophysical approaches 
in microbiology or immunology. 


ments of Bio- 

logy and Immu- 
ition in the area of 
ates at the assistant 
swill be considered. We 
ploys x-ray crystallo- 

‘ss fundamental questions 


Extensive core facilities are avaj lu@ng a biophysics facility with 
equipment for crystallography, c and spectroscopy. A competitive 
start-up package, salary and be provided. Individuals will be 
expected to develop indepe: earch programs within an interactive 
environment of investigatogafnteftsted in the pathogenesis of viral, bacte- 
rial and parasitic disease, e biochemistry and molecular biology of 
fundamental cellular pr . Opportunities exist for interaction with the 
vibrant Johns Hopkinggbi sical research community and graduate train- 
ing programs. App] ust have a PhD, MD, or equivalent degree and 
appropriate post- experience. 


Applicants sh ide curriculum vitae, description of research interests 
egy March 15, 2007. For more information, or to submit 


se contact: Susan Booker, JHMRI Coordinator, Johns 
erg School of Public Health, Room E5132, 615 North 
Itimore, MD, 21205; V. 410-502-3377; F. 410-955-0105; 
ph.edu. For information on JHMRI, BMB and MMI faculty 

h programs, please visit www.jhsph.edu. 


The Johns Hopkins University actively encourages interest 
from women and minorities and is an Affirmative Action/ 
Equal Opportunity Employer. 


THE CANON NATIONAL PAR 
SCIENCE SCHOLARS PROG 


Training the Next Generation of Conservation Scie 


The Canon National Parks Science Schola 

pleased_to announce its 2007 co 

program is a collaboration amon 

can Association for the navn cience and 
he US National Park sevice QD O a generous 
commitment by Canon, the py ill be awarding 
eight US$80,000 scholags Ph.D. students 


hroughout the Americas uct research critica 
0 conserving the natio rks of the region. 
Research projects i D biological, physical, socia 
and cultural sciences ar&@igible, as well as research 
projects in te y innovation in support of 
conservation sai : 

wooicarigh be received by 3 May 2007. Fo 


informati ut the Canon National Parks Science 
Scho am and a copy of the application guide, 


pleagf vi he website <www.canonscholars.org>. 


on ANAAAS | 


UNIVERSITY MEDICAL CENTER 


THE UNIVERSITY OF TOLEDO 


Faculty Positions 
Center for Diabetes and 
Endocrine Research (CeDER) 


The newly established Center for Diabetes and Endocrine Research 
(CeDER) at the UT College of Medicine invites outstanding scientists 
with Ph.D., M.D., M.D./Ph.D., or equivalent degrees to apply for faculty 
positions at the Assistant or Associate Professor level. Appointments will 
be in the Department of Physiology, Pharmacology, Metabolism and Car- 
diovascular Sciences with membership in CeDER. Physician scientists 
will hold joint appointments in an appropriate clinical department. 


Candidates are expected to develop, or to have a vigorous, extramurally 
funded program, which complement existing strengths in diabetes and 
obesity research. Successful candidates will be expected to participate in 
medical and graduate education. 


Candidates with a track record of funding and research in islet and lipid 
biology, neuroendocrine regulation of metabolic disorders, molecular 
aspects of nutrition, and whole animal metabolism are encouraged to 
apply. 
Applicants should submit their curriculum vitae, a brief description of 
current and future research plans, selected publications, and contact 
information for at least three references to: 
Elizabeth Akeman 
Assistant to Dr. Sonia M. Najjar, Director of CCDER 
UT College of Medicine 
3035 Arlington Ave. 
Mail Stop 1008 
Toledo, OH 43614-2598 
Elizabeth.Akeman@utoledo.edu 


UT is an Equal Access, Equal Opportunity, 
Affirmative Action Employer and Educator. 
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Mail to notemart@gmail.com for any further request. 


POSITIONS OPEN 


BUDD LARNER, PROFESSIONAL 
CORPORATION 


Budd Larner is one of the oldest and most pres- 
tigious full service law firms in New Jersey, with head- 
quarters in Short Hills and satellite offices in New York 
City, Cherry Hill, New Jersey, and Atlanta, Georgia. 
We are an Equal Opportunity Employer and offer a 
competitive compensation and benefits package, a 
collegial working environment and challenging work. 

We currently seek the following seasoned legal 
professionals for our Short Hills office: 

PHARMACEUTICAL PATENT ATTORNEY 
with two to six years of experience in litigation and/ 
or drafting of noninfringement/invalidity opinions. 
Experience in the pharmaceutical/chemical field or 
closely related field preferred. Emphasis on Hatch- 
Waxman and FDA issues a plus. Candidates should 
possess strong academic credentials, strong analyt- 
ical, research, and communication skills. New Jersey 
Bar admission and/or United States Patent and 
Trademark Office (USPTO) registration preferred. 
Advanced degree a plus. 

SCIENTIFIC ADVISER or PATENT AGENT 
with at least one year of experience, preferably in the 
pharmaceutical field or closely related science field. 
Candidates should possess an advanced science de- 
gree with excellent academic credentials and strong 
written communication skills. USPTO registration 
preferred, but not necessary depending on experience. 

Qualified candidate should send resume and cover 
letter to: 

Attn: Director of Attorney Recruitment 
Budd Larner, P.C. 
150 John F. Kennedy Parkway 
Short Hills, NJ 07078 
Fax: 973-379-7734 
E-mail: attorney@budd-larner.com 
Website: http://www.buddlarner.com 


Budd Larner is an Equal Opportunity Employer. 


DIRECTOR, DIVISION OF INTEGRATIVE 
ORGANISMAL BIOLOGY 
National Science Foundation, Arlington, Virginia 

NSF’s Directorate for Biological Sciences seeks 
candidates for the position of Director, Division of 
Integrative Organismal Biology (IOB). The Division 
supports research aimed at integrative understanding 
of organisms as units of biological organization, with 
particular emphasis on their development, form, 
function, and evolution. Information about the Di- 
vision’s activities may be found at website: http:// 
www.nsf.gov/bio/iob/about.jsp. 

Appointment to this Senior Executive Service po- 
sition may be on a one to three-year limited term 
basis, with a salary range of $109,808 to $165,200. 
Alternatively, the incumbent may be assigned under 
Intergovernmental Personnel Action (IPA). 

Announcement $20070031 with position reqyj 
ments and application procedures may be obta sy 
on NSF’s website: http://www.nsf.gov/; t, 
career_opps/. Applicants may also obtain t 
nouncement by contacting the Executive P e 
Staff at telephone: 703-292-8755 (heaggn: 
individuals may call TDD 703-292-8 
cations must be received by February 

NSF is an Equal Opportunity Employey 


MOLECULAR BIOLOGY - GE RESSION 


Agarigen Incorporated, an y-stage startup in 
Research Triangle Park, has@jer"gs for three key 
scientists. Successful candiggge: | lead a laboratory 
team developing novel ression technology 
in fungi for biomanufgg applications. Candi- 
dates should possess or Ph.D. in molecular 
biology; over tw e experience in fungal or 
plant gene express R&D management; interest 
in applied reseay| wledge of gene expression/ 
regulation; and nt laboratory skills. Compet- 


itive salary /bgpefits and opportunity to share in the 
growth of company. Submit curriculum vitae and 


letter to gga aN recruiting@agarigen.com or mail 
to: & 2801 Thoreau Drive, Durham, NC 
27 


POSITIONS OPEN 


EMORY 


UNIVERSITY 


POSTDOCTORAL FELLOW POSI- 
TIONS are available in the joint program of 
Fadlo R. Khuri, M.D. and Haian Fu, Ph.D. 
to study molecular oncogenesis and mechanism- 
based anticancer drug discovery at Emory Uni- 
versity School of Medicine’s Winship Cancer 
Institute. Motivated candidates with strong 
biochemistry, cell biology, chemistry, or phar- 
macology research backgrounds are encour- 
aged to apply. Emory University is located in a 
beautiful area in the city of Atlanta. 

Interested individuals should send their 
curriculum vitae and contact information for 
three references to: Ms. Judie Wells, Winship 
Cancer Institute, Emory University, Atlanta, 
Georgia, via e-mail: jwell06@emory.edu. 
Emory University is an Equal Opportunity, Affirmative 
Action Employer. Women and members of minority 
groups are strongly encouraged to apply. 


ASSISTANT PROFESSOR 
Plant Molecular Genetics 


The Department of Microbiology, M 
Biology, and Biochemistry at the University] 
seeks to fill an academic year tenure-t 
beginning as early as fall 2007. The s¥ 
didate must be capable of establishiggms ionally 
competitive research program in Cries 
biology or plant genetics. We arggp. arly inter- 
ested in persons using molecul enetic tech- 
niques to study important ba’ ant biological 
questions in the areas of digegse resiStance, improved 
nutritional quality, or rid cscarch Success- 
ful candidates for this uF must demonstrate 
the ability to communi@e #ectively and will be 


responsible for teachg annual one-semester 
lower-division class ecular biology and bio- 
Cc 


technology, and@@ti e in a team-taught upper- 
division/graduat in his/her area of expertise 
to be taught in, sate years. Applicants must have 
culM@ biology, biochemistry, genet- 
ately related field and postdoc- 
with a strong publication record. 
lications begins March 1, 2007, and 
il the position is filled. Priority will be 
given t plications received prior to March 1, 
2007. Applicants who are selected as final possible can- 
pa ta@ynust be able to show proof of eligibility to be 
in the United States. 
idates should complete the online applica- 
wong website: http: //www.hr.uidaho.edu. Sub- 
mit letter of application, curriculum vitae, statement 
fof current and long-term research interests and 
teaching philosophy and copies of significant pub- 
lications. In addition, we will need three letters of 
reference from individuals addressing research po- 
tential, teaching and communication skills. Docu- 
ments that cannot be submitted online are to be 
sent to: 


Plant Molecular Genetics Search Committee 
Department of MMBB, University of Idaho 
P.O. Box 443052, Life Science Building, Room 142 
Moscow, ID 83844-3052 


More information about the Department can be found 
at website: http://www.ag.uidaho.edu/mmbb/. 

To enrich education through diversity the University of 
Idaho is an Affirmative Action/Equal Opportunity Employer 
and Educational Institution. 


ics, or an 
toral expe 
Revig 


TWO POSTDOCTORAL FELLOWS, doctoral 
degree, experience and knowledge of inner-ear anat- 
omy required, electrophysiology and molecular bi- 
ology competence preferred, application deadline 
January 8, 2007, or until filled, start dates (nego- 
tiable): (1) March 2007; (2) July 2007. Contact 
Dr. Daniel Marcus, e-mail: marcus@ksu.edu. Kansas 
State University is an Equal Opportunity Employer. 


POSITIONS OPEN 


EMPLOYMENT OPPORTUN 
Division of Chemistry 
National Science Foundajgn 
The Division of Chemistry of t al Science 


Foundation (NSF) is pleased to ©: the avail- 
ability of multiple openings fo ent and tem- 
porary PROGRAM OFFIC@RS@n the different 
areas (see website: http:Z ei. cov /div/index. 
jsp?div=-CHE for prog@an@areas). These inter- 
esting and rewarding " provide salary in the 
range $91,047 to $1 commensurate with ex- 
perience. Alternative e positions may be filled 
under the terms o ergovernmental Personnel 
Act (IPA). Applicd ist have a Ph.D. in chemistry 
or a closely rela demonstrated expertise in one 
by the Division of Chemistry, 
Ars of successful research, research 
/or managerial experience perti- 


plus six or 
administratf 


s fOr permanent positions in chemis- 
e website: http://nsf.gov/about/ 
@'to apply. Applications must be received 
ary 1, 2007. 

Pointment to temporary positions may be on a 
or two-year visiting scientist appointment, a 
géral temporary appointment or an IPA. The NSF 


Po vides generous support to allow the holders to 


naintain active research programs at their home in- 
stitutions. For more information on these appoint- 
ments please refer to website: http://www.nsf.gov/ 
pubs/2006 /nsf06056/nsf06056.jsp. 

Applicants for temporary assignments should send 
a letter of interest and curricululm vitae to: Dr. Luis 
Echegoyen, Director, Division of Chemistry, Na- 
tional Science Foundation, e-mail: echegoyen@nsf. 
gov. 

The appointees are expected to work with the 
chemistry community to broaden the diversity of par- 
ticipants in NSF programs, and to integrate research 
and education in chemistry. 

Please contact Dr. Echegoyen for further 
information. 

NSF is an Equal Opportunity Employer committed to 
employing a highly qualified staff that reflects the diversity of 
our nation. 


RESEARCH SCIENTIST OR 
RESEARCH ENGINEER 
Category: Industry Position 

Hitachi Chemical Research Center, Incorporated 

Hitachi Chemical Research Center, Incorporated 
(HCR), a subsidiary of Hitachi Chemical Company, 
Limited, is located in southern California on the 
University of California, Irvine campus. HCR is a re- 
search and development company directed towards 
novel technology platforms and related biomaterials 
for life sciences. The candidate will focus on research 
in the nanotechnology or nanomaterial fields to de- 
velop polymer-based functional materials. The indi- 
vidual will create, develop, and direct his/her own 
project. Candidate must be an independent researcher 
who has demonstrated scientific creativity and tech- 
nical proficiency in his/her field. In addition, the 
candidate must have a strong background in a wide 
range of chemistry including biochemistry, prefera- 
bly working with polymers or in material sciences. 
Position requires a minimum of a Ph.D. in appro- 
priate science or engineering. HCR offers com- 
petitive benefits and salary. Interested candidates 
can e-mail resumes to Ms. Lisa Osborn at e-mail: 
losborn@hercenter.com. Equal Opportunity Employer. 


POSTDOCTORAL POSITION 
Department of Pharmaceutical Sciences 
University of Pittsburgh 


Postdoctoral position available for Ph.D. BIO- 
CHEMIST/MOLECULAR BIOLOGIST to study 
how specific DNA lesions induce toxicity and/or mu- 
tations. Preferred experience: Maxam-Gilbert sequenc- 
ing; DNA amplification and purification, protein 
purification; cell culture. Send resume, including the 
names, addresses, and telephone numbers of three ref- 
erences to Dr. Barry Gold at e-mail: goldbi@pitt. 
edu. The University of Pittsburgh is an Affirmative Action/ 
Equal Opportunity Employer. 
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Proteomics Core Facility Senior Director will manage all aspects of 
proteomic technology, development, fabrication, quality control, and distribu- 
tion of high quality reagents for proteomic research. This person will help guide 
research projects that use HPLC, GC, MALDL, techniques to characterize the 
proteome and will lead efforts to devise, adopt, and/or test new technologies. 
The successful candidate will have a strong background in protein biochemistry 
and will have prior experience in the use of all the above techniques. 


Education: Ph.D. in biochemistry, pharmacology, bioorganic chemistry, 
molecular biology or related field. Candidates with a Master’s degree will 
also be considered based on experience. 


Training/Experience: 5-7 years hands-on research in the area of proteomics 
or related areas of molecular biology. Academic or industrial experience is 
acceptable. Also, a track record that demonstrates publications in peer-reviewed 
journals is preferred. Past experience in a customer-service oriented laboratory/ 
core facility is highly preferred as is experience supervising a High-Throughput 
screening core facility. 


Equipments in the Core: ABI 4800 Proteomics Discovery System with 
Mascot; Tempo LC MALDI spoting system, HPLC. 


Competencies: Ability to plan, organize and coordinate work assignments. 
Ability to establish and maintain effective working relationships with others 
as well as communicate verbally and in writing. 


Interested candidates must apply online at http://jobs.texastech.edu. The posi- 
tion is open until filled. Application review will begin immediately. Please mail 
a cover letter, curriculum vitae with email address, representative publications, 
and three letters of reference to: 
Dr. Rajkumar Lakshmanaswamy 
Chair, Search Committee 
Texas Tech University Health Sciences Center 
5001 El Paso Drive 
EI Paso, TX 79905 
915-783-5227 (Telephone) 
915-783-5222 (Fax) 
rajkumar.lakshmanaswamy@ttuhsc.edu 


TEXAS TECH UNIVERSITY HEALTH SCIENCES CENTER IS AN EQUAL 
OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER. WOMEN AND 
MINORITIES ARE ENCOURAGED TO APPLY. 


The Genomics Core Facility Director will manage all aspects of mig 
ray development, fabrication, quality control, and distribution of high, 
reagents for genomic research. This person will help guide research 
that use large-scale cDNA libraries and microarrays to characteriggmge 
and will lead efforts to devise, adopt, and/or test new technolog bs, y 
slide oligonucleotide synthesis and novel imaging techniques gHS 
candidate will have a strong background in biochemistry m& 
experience in the use of microarrays and robotics. 


ave prior 


Education: Master’s degree in biochemistry, pharmagp], Pisciic chem- 
istry, molecular biology or related field. Candidates wi . degree in one 
of the above mentioned fields will be given prefere 

Training/Experience: 5-7 years hands-on ra QP area of genomics 
or related areas of molecular biology. Acade: ustrial experience is 
acceptable. Also, a track record that demonstra’ ations in peer-reviewed 
journals is preferred. Past experience in a cus rvice oriented laboratory/ 
core facility is highly preferred as is experig rvising a High-Throughput 
screening core facility. 

Equipments in the Core: ABI PR] gia 
with TaqMan Low Density Array 
nescent Scanner, AB 3130x16 Cal 
Competencies: Ability to pl. 
Ability to establish and main; 
as well as communicate ver! 


ry Sequence Detection System 


© and coordinate work assignments. 
tive working relationships with others 
and in writing. 


Interested candidates mu; line at http://jobs.texastech.edu. The posi- 
tion is open until filled. ‘10n review will begin immediately. Please mail 


a cover letter, curricu’ with email address, representative publications, 
and three letters of, eriee to: 
Rajkumar Lakshmanaswamy 
Chair, Search Committee 
@: University Health Sciences Center 
5001 El Paso Drive 
EI Paso, TX 79905 
915-783-5227 (Telephone) 
915-783-5222 (Fax) 
rajkumar.lakshmanaswamy(@ttuhsc.edu 
T TECH UNIVERSITY HEALTH SCIENCES CENTER IS AN EQUAL 
OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER. WOMEN AND 
MINORITIES ARE ENCOURAGED TO APPLY. 
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Medical 
Center 


The Department of Molecular and Cellular 
Biochemistry of The Ohio State University 
invites applications for tenure track positions 
at any level of appointment, including Assis- 
tant, Associate and Full Professor. Appoint- 
ment at the Assistant Professor level requires 
a minimum of 3 years of postdoctoral experi- 
ence backed by publications in established 
journals and the potential to generate research 
support. Senior level candidates should have 
established, well-funded research programs. 
We are particularly interested in candidates 
who are exploring the biochemical and 
molecular aspects of disease processes. 
Columbus has been ranked by Money as one 
of the top ten cities in the country. Faculty 
in the Department have access to graduate 
students from a large pool of interdisciplin- 
ary graduate programs. An attractive start-up 
package including modern laboratory space 
will be available. 


Applicants should submit a curriculum vitae, 
selected reprints, a description of research 
interests and goals, grant support, and the 
names, addresses and telephone/fax numbers 
of three references to: Chair, Faculty Search 
Committee, The Ohio State University, Col- 
lege of Medicine, Department of Molecular 
and Cellular Biochemistry, 333 Hamilton 
Hall, 1645 Neil Avenue, Columbus, OH 
43210-1218. 
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Mail to notemart@gmail.com for any further request. 


POSITIONS OPEN 


TWO POSTDOCTORAL POSITIONS availa- 
ble immediately in the Department of Chemistry 
and Biochemistry of the University of Maryland, 
Baltimore County (UMBC). 

One position will focus on the development of 
methods for structural characterization of RNA- 
protein macromolecular complexes based on state- 
of-the-art high-resolution mass spectrometry. A 
strong background in mass spectrometry is required. 
If necessary, training in biochemistry and molecular 
biology will be provided. Available instrumentation 
includes a 7T and a 12T Fourier transform ion cy- 
clotron resonance mass spectrometry system. 

The other will focus on the development of meth- 
ods for molecular modeling of proteins and protein- 
RNA complexes from sparse distance constraints. The 
ideal candidate should have experience in different 
areas of computational biology/chemistry, including 
model building, homology modeling, virtual ligand 
screening and docking. Available tools include a 
Linux cluster and an SGI graphic workstation in- 
cluding macromolecular crystallography packages, 
such as X-PLOR, CNS, and others. 

Send your curriculum vitae and the names of two 
professional references to: 

Dr. Dan Fabris 
Department of Chemistry and Biochemistry 
University of Maryland, Baltimore County 
1000 Hilltop Circle 
Baltimore, MD 21250 
E-mail: fabris@umbc.edu 

Applications will be received until a suitable can- 
didate is found for each position. 

UMBC is an Equal Opportunity /Affirmative Action Em- 
ployer and applications from women, minorities, and individuals 
with disabilities are especially encouraged. 


CELL BIOLOGIST 


The Biology Department of Franklin and Marshall 
College invites applications for a three-year VISIT- 
ING ASSISTANT PROFESSOR position, starting 
July 2007. Candidates should have a Ph.D., demon- 
strated strength in teaching and research, and ability 
to engage undergraduates in research. Teaching re- 
sponsibilities include lecture and laboratory sections 
of a sophomore-level core course in cell biology and 
an upper-level elective in the area of specialization. 
The successful candidate may occasionally contribute 
to the general education curriculum. Franklin and 
Marshall College has a tradition of excellence in sci- 
ence and student research; a new life sciences build- 
ing will open in summer 2007. In addition to the 
biology major, we offer interdisciplinary majors in 
biochemistry and molecular biology and in biolog- 
ical foundations of behavior (neuroscience and ani- 
mal behavior). Applicants should arrange to have 


graduates through teaching and research, an 


dergraduate and graduate transcripts. Priority 

given to completed applications received a 
ruary 15, 2007. Electronic submissions wil 
accepted. Send applications to: Professor 


three letters of reference sent and should submit 
curriculum vitae, plans for actively engaging gel: 


Department of Biology, Franklin a all 
College, Lancaster, PA 17604-3003. one: 
717-291-4118; fax: 717-358-4548; ail?" cindy. 
mcintyre@fandm.edu; website: http, fandm. 


edu/biology.xml 

Franklin and Marshall College is a hig 
arts college with a demonstrated comygatinent to 
ism. Equal Opportunity Employey 


Selective liberal 
nitural plural- 


A POSTDOCTO 
mediately to study thg 
enteric pathogens in 


ion is available im- 
immune response to 
vision of Infectious Dis- 
eases at the Depar@er iomedical Sciences, Tufts 
University Cummg chool of Veterinary Medi- 
cine. Candy y Ph.D. degree or equivalent 


with experience 1 ular and molecular biology are 


encouraged apply. Please send curriculum vitae 
and a list e@@pree references to: Dr. Saul Tzipori 
(e-mail: “wWpori@tufts.edu) or Dr. Hanping 
Feng (e anping.feng@tufts.edu). Tufts Univer- 


sity, Ig, ative Action/Equal Opportunity Employer. 
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POSITIONS OPEN 


DIRECTOR OF RESEARCH TRAINING 
PROGRAMS 

National Multiple Sclerosis Society in mid- 
town seeks an individual to manage fellowship 
funding programs and other research activ- 
ities. Will have heavy interaction with profes- 
sional and lay communities. 

Requires Ph.D. in a biomedical science, min- 
imum of three years of experience in laboratory / 
clinical research or research administration and 
superior communications and presentation 
skills. Microsoft Office and web-based pro- 
gram knowledge a must. 

Excellent benefits. Fax resume with salary 
requirements to fax: 212-476-0535 or e-mail: 
hrnyc@nmss.org. Website: http://www. 
nationalmssociety.org. Only candidates se- 
lected for further consideration will be con- 
tacted. Equal Opportunity Employer, Minorities/ 
Females/Persons with Disabilities / Veterans. 


POSTDOCTORAL POSITIONS 
Molecular Cell Biology of Diabetic Complications 


As reviewed in Nature 414:813, 2001, our lg 


imprinting,” (b) the genetic basis for, 
clustering of susceptibility to hyperglyceng 


(c) endothelial progenitor cell dysfunt im- 
paired vasculogenesis in diabetes, an Ntifica- 
tion of novel therapeutic strategie reventing 
metabolite-induced vascular dam randidates 


olecular and 
cell biology. Please send cu um vitae and 


names/contact informatio: thre 


enter 
Albert Einstein of Medicine 
Jack and P ick Campus 
1300 ark Avenue 


Equal = 
The x % Zoology, National Taiwan Uni- 
nen @) g an outstanding individual to fill a 


full-tinfag@lty position which will be jointly ap- 
pointed n the Department of Life Science start- 
ing on August 1, 2007. The level is for ASSISTANT 

OFKMSSOR or higher ranks. The applicant’s re- 

a should be related to genomics and bioin- 
ts, immunology, or physiology. Candidates 
ave a Ph.D. degree (preferably with postdoc- 
tdral experiences). Applicants must submit a photo- 
copy of Ph.D. diploma, curriculum vitae, a list of 
publications in the past three years, a statement of 
research and teaching, and three letters of recom- 
mendation before January 31, 2007, to: Chair, Fac- 
ulty Search Committee, Institute of Zoology, 
National Taiwan University, Number 1 Section 4, 
Roosevelt Road, Taipei, Taiwan 10617, e-mail: 
zoology@ntu.edu.tw. 


POSTDOCTORAL FELLOWSHIP in the Sec- 
tion of Atherosclerosis, Department of Medicine, 
Baylor College of Medicine. Qualified applicants 
should have a Ph.D. or M.D. and experience in 
molecular biology with an interest in lipoproteins, 
inflammation, obesity, and vascular biology. Highly 
competitive salary will be offered and is negotiable 
depending upon experience. Eligibility for NIH 
training-grant position with U.S. citizenship or res- 
idency required. Reply with curriculum vitae and 
three references to: Christie M. Ballantyne, M.D., 
Fellow of the American College of Cardiology, Pro- 
fessor, 6565 Fannin, M.S. A601, Houston, TX 
77030. E-mail: cmb@bcm.tme.edu. Baylor College of 
Medicine is an Equal Opportunity/Equal Access /Affirmative 
Action Employer. 


POSITIONS OPEN 


NIH POSTDOCTORAL TRATI 
in Molecular Therapy 

The Children’s Hospital of Pha 
University of Pennsy, 


National Heart Lung and Blo itute Train- 
ing Grant, Training in Moleg#r trapeutics for 
Pediatric Cardiology, support¥\g g@&idies of cardio- 
vascular disease mechanisms aS molecular thera- 
pies. Project fields ing cafiac and pulmonary 
development, heart v&% e, regenerative med- 
icine, stem cell biologygar armacology. Compet- 
itive salary and full gis. Only applicants with 
Ph.D. and/or M.D (1 must be a resident alien or 

>of three references to: 


ia/ 


U.S. citizen stat; uld send their curriculum 
vitae and the r 


shkind Endowed Chair 
sylvania School of Medicine 
g Program Director 
ospital of Philadelphia, 702 ARC 
15 Civic Center Boulevard 
Philadelphia, PA 19104 

Fax: 215-590-5454 
E-mail: levyr@e-mail.chop.edu. 


ual Opportunity Employer. Minorities / Females /Persons 
1 Disabilities / Veterans. 


POSTDOCTORAL POSITIONS for G protein- 
coupled receptor (GPCR) structure-based drug screen- 
ing research through nuclear magnetic resonance 
(NMR), computational and high throughput screen- 
ing (HTS) approaches. Our laboratory is situated in 
a new state-of-the-art research building (Biomedi- 
cal Science Tower Three) where 900, 800, and 700 
NMR systems, high computing facility/drug discovery 
software, and HTS/HCS facilities are available. We 
are recruiting two positions: (1) CHEMINFORMAT- 
ICS COMPUTATIONAL CHEMIST POSITION. 
Qualifications: three to five years of working experi- 
ence in database development and administration 
using SQL or Oracle, and ASP, C++, VB, or Java web 
programming. Experience in cheminformatics, com- 
puter drug design, and virtual drug screening is plus. 
(2) PROTEIN BIOPHYSICS POSITION for GPCR 
protein NMR structure biology research. Experience 
with membrane protein expression/purification and 
biological function studies is a plus. Salary will be 
commensurate with experience. Please e-mail curricu- 
lum vitae and three names of references to e-mail: 
xix15@pitt.edu, Professor XiangQun (Sean) Xie, 
University of Pittsburgh, website: http://www. 
pharmacy.pitt.edu, telephone: 412-383-5276. The 
University of Pittsburgh is an Affirmative Action/Equal Opportu- 
nity Employer. 


POSTDOCTORAL POSITION available 
March 1, 2007, to study molecular mechanisms of 
lineage specification during early thymocyte devel- 
opment. Available projects include: (1) regulation of 
thymocyte development by Egr transcription fac- 
tors; (2) the role of signal strength in the alpha-beta/ 
gamma-delta lineage commitment (Immunity 22: 
595-606, 2005); and (3) blockade of Tcell develop- 
ment by a ribosomal protein deficiency. In address- 
ing these questions we employ a variety of in vitro 
and in vivo models in conjunction with retroviral de- 
livery of candidate genes and shRNA. The successful 
applicant will enjoy a competitive salary and have 
access to subsidized housing and childcare, and an 
active postdoctoral association. Curriculum vitae and 
three references should be sent to: David L. Wiest, 
Ph.D., Fox Chase Cancer Center, 333 Cottman 
Avenue, Philadelphia, PA 19111-2497. Fax: 215- 
728-2412. E-mail: dl_wiest@fecc.edu. Equal Oppor- 
tunity Employer. 


POSTDOCTORAL TRAINEES in translational 
immunology at University of California, Los Angeles. 
U.S. citizens/permanent residents only. Ph.D./M.D. 
with interest in autoimmune diseases and immunol- 
ogy are encouraged to apply. Earliest joining date is 
April 2007. Salaries per NIH guidelines. Please send 
your curriculum vitae, research statement, and name, 
telephone/e-mail of three references to: Ram Raj 
Singh, M.D., Department of Medicine/Pathology 
(e-mail: rrsingh@mednet.ucla.edu). 
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POSITIONS OPEN 


POSTDOCTORAL POSITIONS: 
THERMOREGULATION AND 
INFLAMMATION 


We are looking for POSTDOCTORAL FEL- 
LOWS/RESEARCH ASSOCIATES to study lip- 
id mediators of fever and hypothermia in systemic 
inflammation, physiological roles of transient receptor 
potential channels, and behavioral thermoregulation 
in rats and mice. Background in systems physiolo- 
gy, molecular biology, or immunohistochemistry/ 
neuroanatomy is preferred, but the ability to think 
and work independently, dedication to work, and 
persistence in the face of failure are more important 
than the area of specialization. A specific direction of 
research will be determined by the Laboratory 
director to closely match the line of expertise and 
interests of each successful candidate. Mandatory 
requirements include an advanced degree, a track 
record of peer-reviewed publications, excellent com- 
puter skills, and good writing skills. Recent pub- 
lications from the Laboratory include PLoS Biol 4: 
e284, 2006 and PLoS ONE 1: e1, 2006. Mail your 
curriculum vitae, reprints of full-length papers, a 
brief description of research interests and career 
goals, and names, e-mail addresses, and telephone 
numbers of at least two references to: Andrej A. 
Romanovsky, M.D., Ph.D., Director, Systemic 
Inflammation Laboratory, Saint Joseph’s Hospi- 
tal, 350 W. Thomas Road, Phoenix, AZ 85013 
U.S.A. Affirmative Action/Equal Opportunity Employer. 


POSTDOCTORAL POSITIONS are immedi- 
ately available in our internationally known research 
group, which is focused toward understanding the 
molecular, cellular, and physiological principles of 
nuclear receptor signaling in normal target cells and 
endocrine cancers. The successful applicant will 
utilize state-of-art technologies (i.e. established 
mouse models, cell-culture, microarray, and proteo- 
mics) to address important questions concerning 
nuclear receptor and coactivator function in normal 
physiological processes and disease states, such as 
cancer. Applicants with a strong background in 
molecular biology and in using animal systems are 
encouraged to apply. Salaries will be at the upper- 
competitive end of the national norm. Applicants 
should have received their Ph.D. and/or M.D. 
within the past one to two years and, if necessary, 
be eligible for an appropriate U.S. visa. Current cur- 
riculum vitae, a brief statement describing prior 
research and future research goals, and three let- 
ters of recommendation (all required before inter- 
view) should be sent to: Dr. Bert W. O’ Malley or 
Dr. John P. Lydon, Department of Molecular 
and Cellular Biology, Baylor College of Medi- 
cine, One Baylor Plaza, Houston, TX 77030- 
3498 U.S.A.; fax: 713-798-5599; or e-mail: 
jlydon@bem.tmce.edu. 


PROFESSOR OF THE PRACTICE, 


Biology, Tulane University, invites applicati Pera 
full-time teaching position. Professors RA paACchice 


are appointed for renewable three-year te 


include benefits but do not lead to t Pandi- 
dates must hold a Ph.D. degree ar iuld have 
teaching experience at the college re seek an 
individual with demonstrated ex in one or 
more areas of ecology, evolution, an nismal bi 


graduate instruction, the 
literacy, and the scholarshy 
For more details see we 


edu/~ebio/News/pr . Send curriculum 
vitae, description of gs y and teaching interests 
“ iblications, statement of 
d the names and addresses 
oP Search, Department of 
ary Biology, 310 Dinwiddie 
niversity, New Orleans, LA 70118- 
of applications will begin March 1, 
earch will remain open until the 
ed. Tulane University is an Affirmative 
mployment Opportunity Employer. 


Hall, Tulan 


Mail to notemart@gmail.com for any further request. 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
Broad Fellows Program in Brain Circuitry 


The California Institute of Technology is looking 
for a few outstanding scientists from any relevant 
backgrounds to study how networks of neurons give 
rise to perception, memory, emotion, and behavior. 
We encourage applications from individuals employ- 
ing genetic manipulations in relevant animal model 
systems, electrophysiological recordings, functional 
imaging, and computational analyses and related 
tools. Broad Fellows are independent researchers 
who have recently received their Ph.D. They will 
receive internal funding for a group of up to three 
people. The initial appointment is for three years, 
with the possibility of renewal for two more years. 
Excellent salary and benefits. Applications should 
include curriculum vitae, a statement of research 
plan, and three letters of recommendation. This 
material should be submitted online at website: 
http://www.broadfellows.caltech.edu or by 
e-mail: heather@klab.caltech.edu. 

Caltech is an Equal Opportunity/Affirmative Acti 
Employer. Women, minorities, veterans, and disabled perg 
are encouraged to apply. 


FACULTY POSITION IN 
ECOSYSTEM/COMMUNITY E 
Wichita State Universi 

The Department of Biological Scig 
State University (WSU) seeks an E 
munity ECOLOGIST for a teny, 
the rank of ASSISTANT PRO, R. Preferred 
research areas include, but are no ited to biogeo- 
chemical cycling, bioremg@igion, restoration, and 
pathogen ecology in the Ym of global change. 
The successful candidate ted to maintain an 
extramurally funded reS@yg@ program that trains 
graduate and under: ate students and utilizes 
the unique WSU Aig station. All members of 
the faculty parti@@fte WHeeneral biology and non- 
majors courses, fering advanced courses in 
their discipling jdates must have a Ph.D. in the 
life sciences, Ctoral experience, and a record of 
research pr, . Applications must include state- 
ments of Q@sceah and teaching interests, compre- 
um vitae, three sample publications, 
gp needs with estimates of equipment 
ontact information for three professional 
rey We seek applicants who are motivated to 


sk Qo collegial atmosphere to foster teaching and 
collaborations with existing faculty. The 

nent includes core facilities in environmental 

y, imaging, and bioinformatics, and it main- 


attractive startup package is supported by funding 
from Kansas NSF Experimental Program to Stimulate 
Competitive Research. More information about the 
Department is available at website: http://www. 
wichita.edu/biology. Wichita State University is a 
metropolitan, research-extensive University set in a 
suburban area of the largest city in Kansas and serves 
a diverse student body. To insure full consideration, 
a complete application package must be received by 
February 12, 2007. However, applications will be 
considered until the position is filled. Send applica- 
tions to: Dr. William J. Hendry, Department of 
Biological Sciences, Wichita State University, 1845 
Fairmount, Wichita, KS 67260-0026. Wichita State 
University is an Equal Opportunity Employer. 


b> 
o&: an animal care facility and a greenhouse. An 


POSTDOCTORAL FELLOW 
Harvard Medical School 


To study the role of heat shock proteins in tumor 
immunity. Applicants must have Ph.D. or M.D., and 
skills including immunology, molecular/cellular bi- 
ology. Contact: Dr. $.K. Calderwood, Beth Israel 
Deaconess Medical Center, 21027 Burlington 
Avenue, Boston, MA 02215; telephone: 617- 
632-0628; e-mail: scalderw@bidmce.harvard.edu. 


POSITIONS OPEN 


FACULTY POSITION IN MOL AR 
MICROBIOLOGY 
Washington University School icine 


in Saint Louis 
The Department of Molecular Overs seeks 
outstanding scientists for a teg¥#@C3BRCk faculty po- 
sition at the ASSISTANT ESSOR level; 
senior applicants will algo be sidered. Areas of 
particular interest ings >b@p infectious diseases, 


especially protozoan p@t@ircS@ tuberculosis. We are 
seeking interactive in, hy, with a commitment 
to teaching and th lishment of a vigorous, 
cutting-edge, ind, t research program em- 

aspects of microbial patho- 
Drmation on our Department 
und at website: http://www. 
l.edu. Applicants should send 
yn vitae, selected reprints, descrip- 
d planned research, and arrange 
tters of reference sent to: Dr. L. 
g@, Chair of Molecular Microbiology 
{rch Committee, Washington Univer- 
ol of Medicine, Campus Box 8230, 660 
id Avenue, Saint Louis, MO 63110. Appli- 
ns may also be sent as a single, merged PDF file 
licant’s name as the file name) with letters sent 
arately to e-mail: microsearch@borcim.wustl. 
edu. The application deadline is March 1, 2007. 
Washington University School of Medicine is an Equal 
Opportunity /Affirmative Action Employer. Women and 
minorities are especially encouraged to apply. 


INSECT SYSTEMATIST 
Illinois Natural History Survey 

ASSISTANT PROFESSIONAL SCIENTIST, 
Insect Systematist. Conduct innovative collection- 
based research on insect systematics (broadly de- 
fined) with relevance to midwestern United States. 
Requires Ph.D. in entomology or related discipline. 
Responsibilities: develop vigorous, externally funded 
research program; publish research findings in sci- 
entific journals; curate Illinois Natural History Sur- 
vey (INHS) insect collection; work with state and 
federal agencies and University of Illinois. INHS is 
part of the Illinois Department of Natural Resources 
and an affiliated agency of the University of Illinois 
at Urbana-Champaign. To apply send cover letter, 
curriculum vitae, statement of research interests, and 
three letters of reference to: Human Resources 
Office, PRF# 1479, Illinois Natural History Sur- 
vey, 1816 S. Oak Street, Champaign, IL 61820. 
Telephone: 217-265-5644, fax: 217-333-4949, 
e-mail: hroffice@inhs.uiuc.edu. Deadline: Febru- 
ary 16, 2007. For application requirements and com- 
plete position description visit our website: http:// 
www.inhs.uiuc.edu/opportunities. 


The Case Cardiovascular Research Institute, 
Division of Cardiovascular Medicine at Case Med- 
ical Center invite applications for faculty positions 
at the level of ASSISTANT/ASSOCIATE/FULL 
PROFESSOR. Candidates should have an M.D., 
Ph.D., or equivalent degree, an established research 
program, and track record of independent research 
funding. Areas of interest include (but not limited 
to) genetic/epigenetic regulation of cardiovascular 
cell development, stem cell/regenerative medicine, 
and human genetics. Case Medical Center offers ex- 
cellent compensation and benefits package com- 
mensurate with applicant’s training and experience. 
Please send curriculum vitae, a statement of current 
research future research interests, and three letters 
of support to: Matt Fletcher, Grants Manager, 
telephone: 216-368-3980, fax: 368-2951, e-mail: 
mef15@case.edu or to: Mukesh K. Jain, M.D., 
Director of Case Cardiovascular Research Insti- 
tute, The Iris S. and Bert L. Wolstein Research 
Building, 2103 Cornell Road, Room 4537, 
Cleveland, OH 44106. 
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TQM THEROYAL 4&0 gest 
WN SOCIETY we cect Research 


The Royal Society and Académie 
des Sciences Microsoft European 
Science Award 


it 


For full details of the award and the online nomination 
forms please visit www.royalsoc.ac.uk/microsoft 


Microsoft is a registered trademark of Microsoft Corporation 
The Royal Society — Registered Charity No 207043 


( THE ROYAL 
wa SOCIETY 


The Royal Society priley Award 


Invitation to nominate 
Closing date 21 February 20 


Registered Charity No 207043 


ae Pe 


For full details of the award and 
the online nomination forms visit 
www.royalsoc.ac.uk/pfizer 


cs excellence in science 


ScienceCareers.org 


SYMPOSIA 


First INTERNATIONAL SYMPO§ 


on Thymosins in Health and 


MARCH 21-24, 2007 


a 4 
THE GEORGE WASH IVERSITY, 
a. NGTON, DC 


> a ® CHAIRS: 
P 4 ALLAN L. ty AND ENRICO GARACI 
ie | 


Confirm i 
D. Safer, H. Yin, E. Yarmola, P. Rile ~ nguez, J. Gomez-Marquez, 
D. Merlo, W. Sun, B. Zetter, T. Mog, . Swingelo, L. Larsson, F, Belardelli, 
L. Romani, W.M. Chu, C. Ciernj . Rojkind, J. Hadden, P. Naylor, 
H. Kleinman, G. Sosne, C. ; D. Srivistava, G. Rasi, C. Tuthill, 
P. Carminati, D. Crockford, J- , B. Rubin, E. Hannappel, C. Favalli, 


A. Mastino, T. Crow, A. Mosoian, astino, G. Guarnera, M-F. Carlier, 
H. obinson, P. Gutowski 


Topics include: 


design, isoforms, multifunctionality 

ation, signaling and proteomics 

ir, and regeneration 

‘ogy, pharmacogenomics, and combination therapies 
* Molecul rs and diagnostics for cancer and infectious diseases 

. cana protection, stem cell differentiation and angiogenesis 


* Clinical appfications of Thymosin a, and Thymosin B, 


Visit the conference web site for more information and registration: 
http://www.thymosin.com 


You @ to submit abstracts for oral and poster presentations until February 15, 2007 


THE GEORGE WASHINGTON UNIVERSITY MEDICAL CENTER 


WASHINGTON DC 


WORKSHOPS 


Okinawa Institute of Science and Technology 
Inverse Problems and Biology 
Pn Workshop, April 20-22, 2007 
74 # Okinawa, Japan 


The program consists of lectures on inverse problems from both math- 
ematical and biological viewpoints, and tutorials covering the more 
mathematical aspects of some of the lectures. 


Topics covered will include embryonic development, visualization of neu- 
ronal structures, mapping neuronal function onto structure, phylogenetic 
analysis, minimal surfaces in nature and pattern formation. 


Attendance is limited. Postdoctoral researchers, particularly biologists 
with an interest in mathematics, are encouraged to apply. Travel, accom- 
modation and meals will be provided. 


More information can be obtained from 
http://www.irp.oist.jp/mbu/inverse/ 

or contact: Inverse Problems Secretariat, inverse@oist.jp, OIST, 

OITC, 12-2 Suzaki, Uruma, Okinawa 904-2234, Japan. 


Organisers: Robert Sinclair, sinclair@oist.jp 
Klaus Stiefel, stiefel@oist.jp 


Confirmed Speakers: 
Gunther UhImann, University of Washington 
Martin Kreitman, The University of Chicago 
Andreas Dress, ICB Shanghai 
Hans-Christian Hege, Zuse Institute Berlin 
Bob Anderssen, CSIRO Australia 
Wayne Rossman, Kobe University 
Klaus Stiefel, Okinawa Institute of Science and Technology 
Peter Waddell, University of South Carolina 
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Mail to notemart@gmail.com for any further request. 


POSITIONS OPEN 


University of Minnesota Cancer Center seeks self- 
motivated POSTDOCTORAL ASSOCIATES to 
join interactive research team working in cell cycle G t th t 
checkpoints, apoptosis regulation, and cancer biol- e e exper > 
ogy. The Laboratory currently focuses on the mo- ° 
lecular aspects of prostate cancer and the roles of beh | nd you. 
FOXO1, CBP, and PTEN in tumorigenesis. (See 
website: http://www.cancer.umn.edu/research/ 
profiles/huang.html for recent publications). A 
relevant doctoral degree and strong background in 
molecular and cellular biology is essential. Applica- 
tions including curriculum vitae and bibliography 
should be submitted to: Haojie Huang, Ph.D. 
Please apply to requisition number 140190 online at 
website: https://employment.umn.edu. The Uni- 
versity of Minnesota is an Equal Opportunity Educator and 
Employer. 
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The University of Manitoba (Winnipeg, Canada) 
invites applications for HEAD of the DEPART- 
MENT OF BIOLOGICAL SCIENCES. The 
successful candidate will lead the development of a 
newly formed Department comprised of 34 full-time 
academic members with diverse research interests 
in plant and animal biology. Complete job descrip- 
tion and application instructions can be found at 
website: http: //umanitoba.ca/faculties /science. 


Funded POSTDOCTORAL POSITION now 
available at University of Massachusetts to use mo- 
lecular, genetic and electrophysiological methods to 
investigate dopamine signaling in C. elegans (see 
website: http://www.biochem.umass.edu// 
Chase/index.html). Send curriculum vitae, state- 
ment of research interests, and list of three references 
to e-mail: danchase@biochem.umass.edu. 
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Original & Taq DNA 
Guaranteed Polymerase 
es Withstand 99°C * 
US Pat #5,436,149 e-mail: abpeps@msn.com 2 S Job Posti ngs 


Call: Ab Peptides 1 ¢800°383¢3362 


Fax: 314°968°8988 www.abpeps.com 


oStgarch Jobs Job Alerts 
©. Wave 
now part of ScienceCareers.org Res ume i CV 


* Job Alerts Database 
e Resume/CV 


Database Career Advice 


e Career Forum from Next Wave 
e Career Advice 


e Meetings and 
Announcements 


Career Forum 


A NEW WAY 
TO LOO 
LINE 


For informati ase e-mail: 
advertise Gag, @# ecareers.org 


PS 


Scie..ceCareers.org, 


B.. gw science BYAAAS 


Graduate 


e Graduate Programs Programs 


All of these features 
are FREE to job seekers. Meetings and 


Announcements 


ScienceCareers.org ScienceCareers.org, 


We know science AVAAAS We know science 
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Mail to notemart@gmail.com for any further request. 


Sci agazine’s 
te of 


e Planet 
006-2007 


Donald Kennedy, Editor-in-Chief, 
and the Editors of Science 


The American Association for 
the Advancement of Science 


Mail to notemart@gmail.com for any further request. 
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- Antibodies 


- Proteins 

- Multiplex Assays & Arrays 

- ELISA Kits & Reagents | 
- Cell-Based Assays & ELISpot | 


- Signal Transduction Kits 
& Reagents 


- Stem Cell Kits & Reagents 
- Cell Culture Reagents 

- Cell Selection Kits 
- Activity Assays & Reagents | —— 
- Apoptosis Kits & Reagents | 


- & More! | ee sr tii 


U.S. & Canada 


Europe 


wero “S, Endocrinology Immunology Proteases Neuroscience 
rane Q Development Stem Cells Signal Transduction Glycobiology 
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election expanding weekly—visit www.RnDSystems.com 


Request a catalog online: www.RnDSystems.com/go/Catalog 


